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WELCOME 


TWO YEARS AGO I stood in a concrete tunnel 100m 
underground in France, marvelling at a very long 
pipe. The pipe looked pretty ordinary, but it carries 
something extraordinary - subatomic particles 
travelling at near light-speed. It is, of course, the Large 
Hadron Oollider and it was down for maintenance 
during my visit. This month, after extensive upgrades, 
it will be switched on once more, so we’ve put 
together a special report to celebrate. Focus 
commissioning editor Jason Goodyer (who visited with 
me) sets the scene on p86, while physicist Jon Butterworth explains what 
he and his colleagues are hoping it will find this time round. 

This month is also special for astronomy. A space probe called Dawn 
reaches the dwarf planet Ceres, hoping to shed more light on the Solar 
System's icy bodies (see p48). And Stargazing Live returns to BBC TV, 
coinciding with a total eclipse of the Sun on 20 March. 

This issue we also tackle one of the biggest mysteries of all - time, and the 
place it might run backwards (p40). Elsewhere we find out if we can rid the 
oceans of all the plastic we’ve put there (p60) and whether we’d really want 
a Hollywood-style conscious robot (pll4). Enjoy the issue! 




Graham Southorn, Editor 


PS Don’t miss our May issue, 
on saie 2 Aprii 2015 
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THIS MONTH WE... 



...talked to 
psychologist Susan 
Pinker about the 
benefits of catching up 
face-to-face rather than 
via oniine communication. 
Listen to her thoughts on 
the Focus podcast. 


...got some advice from 
Edzard Ernst, who made 
a career out of investigating 
aiternative medicine. We 
find out the surprising truth 
about which aiternative 
therapies work and which 
are snake oii (p58). 




...tried out the iatest 
tough headphones 

by sticking them under 
the shower, treading on 
them and generaiiy 
bashing them about. Find 
out which ones we iiked 
best on p83. 
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works on CERN’s Atias experiment. On 
p86 he teiis us what scientists hope to 
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Marcus 
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physics. Turn to p40 to discover more. 
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Awe-inspiring images from the worid of science 
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Flying high 

RESEMBLING A CLUTCH of 
giant eggs, Britain’s latest 
helium-filled airship, Airlander 
10, sits in a cavernous 
hanger at RAF Cardington. 
Despite being the world’s 
longest aircraft at 92m 
(302ft) in length, the vessel is 
surprisingly agile. It is able to 
take off and land from any flat 
surface, including water, sand 
and ice, and can carry loads 
exceeding 10 tonnes. It can 
attain speeds of 110-130km/h 
(68-81mph). 

“It flies and floats like an 
airship, its unique hull shape 
creates aerodynamic lift like 
an aeroplane, and its engines 
can rotate and push air out 
at any angle, allowing it to 
hover and be controlled like 
a helicopter,” explains Chris 
Daniels at Hybrid Air Vehicles, 
the company responsible 
for its design. "This makes 
it an exceptionally efficient 
and versatile aircraft, with 
endurance measured in 
weeks, rather than days.” 

It could potentially be 
used for search-and-rescue 
missions, luxury cruises, or 
carrying freight to remote 
locations such as oil rigs, the 
company says. Test fiights are 
scheduled for later this year. 
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Dunes and lagoons 


LAGOONS FILL THE troughs 
between white sand dunes 
in the Lengois Maranhenses 
National Park situated on 
Brazil’s northeast coastline. 
Thanks to the landscape’s 
resemblance to laundry 
hanging on a clothes line, the 
park’s name translates to 
‘Bedsheets of Maranhao’. 

The dunes can reach an 
incredible 40m in height. 
They are formed when sand 
carried by rivers to the 
Atlantic is driven back inland 
by powerful winds. 

“In the wet season, rains 
collect in the lower troughs 


of the dunes and does not 
percolate and drain away 
into the ground because 
there is an impermeable rock 
formation under the dunes,” 
explains Hull University’s Prof 
Daniel Parsons. 

Although these lagoons are 
temporary, they still contain 
life. During the rainier months, 
fish and insects reach the 
lagoons via interconnecting 
rivers. This ecosystem 
doesn’t last for long, as the 
lagoons evaporate when 
temperatures rise in October. 
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Psychedelic 
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THIS TANGLE OF pastel-hued 
coils belongs to a Portuguese 
man-of-war. Despite 
resembling a jellyfish, it 
is actually a compound 
organism called a 
siphonophore. A gas-filled 
sac, a pneumatophore, floats 
on the ocean’s surface. 

Three types of polyp create a 
drifting veil of tentacles that 
stretches for up to 50m. 

“Each type of polyp is 
so specialised: they can’t 
survive independently,” 
explains marine biologist and 
BBC radio presenter Helen 
Scales. “Hanging down are 
tentacles made from polyps 
with stinging cells that capture 
prey, dactylozooids; feeding 
polyps that secrete digestive 
juices, gastrozooids; and 
finally gonozooids that are in 
charge of reproduction.” 

The name comes from its 
supposed resemblance to an 
18th-Century warship. They 
can be found in the Pacific, 
Indian and Atlantic Cceans. 

“The sting is extremely 
painful,” says Scales. “They 
can cause skin lacerations, 
convulsions and problems 
with breathing. Cccasionally 
they’re lethal. Their long 
tentacles can break off and 
retain their sting for days.” 
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MESSAGE OF THE MONTH 



Steve Jones says that 
we should set a date 
for banning fossil fuels 


Gimate change not solved! 


The article on climate change solutions in 
the January 2015 edition of Focus CClimate 
change: problem solved’, p56) suffered 
from two problems. First, virtually all the 
ideas suffered from the perennial issue 
that they are solutions that take a long 
time to become effective enough and big 
enough to make a difference. And this 
leads to the second complication. What 
is causing climate change is the build-up 
of greenhouse gases in the atmosphere 
(primarily carbon dioxide and methane) 
through the burning of fossil fuels. The 
elephant in the room is our technological 
civilisation’s addiction to fossil fuels, and 
the real problem is how to tackle this 
dependence. This cannot be achieved via 
science and technology solutions alone. 


What is required are major political and 
economic policy changes. The one effective 
means of achieving this is banning the 
burning of fossil fuels worldwide. This 
cannot be achieved instantly because the 
world economy would collapse. But it 
could be achieved by setting a future date 
by which time the internal combustion 
engine and all fossil fuel power plants 
would be banned. In the meantime, 
they could be gradually phased out and 
green replacements introduced, probably 
through fiscal means. The question then 
becomes whether we have enough time 
to implement this before it is too late and 
an irreversible tipping point in the global 
climate has passed. 

Steve Jones, Bedford 


Alternative energy 

I have reservations about the 
geoengineering projects advocated 
in the January issue’s climate change 
feature. The Climate Geoengineering 
Governance (CGG) project finds that 
construction costs would be higher than 
envisaged. The Integrated Assessment 
of Geoengineering Proposals (lAGP) 
has found that trying to increase the 
reflectivity of the Earth, for example, 
could have significant unintended and 
unwelcome consequences. 

Alongside continued development 
of clean energy and more funding for 
fusion research, we need to develop 
LFTRs (liquid fluoride thorium reactors). 
Thorium is a very abundant nuclear fuel. 
LFTRs would produce no greenhouse 
gases and much less radioactive waste 
than conventional nuclear power 
stations. They would be virtually failsafe 
- meltdown cannot happen because the 
fuel is already molten - and it would be 
almost impossible to divert any part of the 
fuel cycle for use in nuclear weapons. 
Mike Follows, Sutton Coldfield 

I was surprised not to have seen anything 
in your climate change article about 
harnessing the power of tidal currents. 
Surely such streams must be one of the 
greatest sources of energy there is? 

Bob Lillingston 



Water currents rotate the blades of tidal power plants 



Write in and win! 


The winner of next issue’s Message of the Month wins a 
SteelSeries Stratus XL wireless gaming controller, worth £59.95. 
It connects via Bluetooth to your iPad, iPhone or iPod Touch. The 
controller has four pressure-sensitive action buttons and four 
shoulder buttons, steelseries.com/stratusxl 
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Alan Thomas 
thinks that a 
Mars mission 
would be suicidal 
with current tech 


Suicide mission 

The article 'One way to Mars’ (February, 
p38) left me concerned that such a venture 
will be beyond our abilities for a long time. 
Putting a crew on Mars within the next 
few decades seems akin to early explorers 
using boats made from wooden frames tied 
together with rope. Through our 21st- 
Century eyes, setting out in such a flimsy 
craft would seem suicidal. The journey to 
Mars would be challenging, let alone living 
for years in the hostile environment with 
just a third of Earth’s gravity and delayed 
communications with people back home. 
Far more achievable would be a station on 
the Moon. Evacuation in the event of an 
emergency would be possible on the Moon, 
but not on Mars. 

Alan Thomas, Shepperton 

What’s in the water? 

With a sense of growing horror I read your 
recent article on adding lithium to drinking 
water as a mood stabiliser (February, p77). 

I find the idea extremely alarming. While 
it is supposedly for the benefit of our 
health, spiking a water supply would seem 
to be the perfect method of controlling 
a population. They could start adding 
chemicals to reduce scepticism preceding 
an election, or to increase conformity 
among the masses. 

Berwyn Powell 

The article on lithium in water made me 
feel angry. It mentioned that the US has 
been adding fluoride to water since the 
1950s to avoid tooth decay. However, many 
countries all over Europe and the rest of 
the world banned water fluoridation. This 
is because most fluoridated areas suffered 
a huge health decline for decades. Lithium 
might lower depression and suicide rates, 
but surely people should have a choice 
over water in their homes without having 
to fit huge and expensive filters. 

Vinga Luksaite, East Sussex 


Vinga Luksaite says that 
people should be able to 
choose which substances 
go into their water suppiy 



GM crops: the drawbacks 

I was appalled to read the article by 
Prof John Pickett (Subscriber bonus, 
February). It totally disregards the 
evidence throughout the world which 
suggests GM food is dangerous to our 
health, or creates risky situations that 
we have no idea how to deal with. The 
ideology of GM crops feeding the world 
fools nobody and only enriches the 
corporations that manufacture them. 
Their effect in third world countries has 
been devastating and is one of the reasons 
why many countries ban them. 

Penny Fidler 

I was disappointed that the article on 
GM plants did not give the pros and 
cons of this technology. Personally, I 
can see a great need for research in the 
particular problem of increasing food 
supplies for our growing population. I am 
also reminded that critics of GM point 
to many potential drawbacks, such as 
super weeds from natural gene transfer, 
farmers being tied to multinational seed 
suppliers with higher seed costs, and 
protein transfer from one species leading 
to someone having an allergic reaction to 
the new protein. 

Paul Hughes 

Our Frontiers series is always written by 
a single scientist who is eminent in their 
field. But we will publish a follow -up 
looking at all aspects ofGM crops. - Ed 



GM crops remain a controversial issue for many peopie 



• We wrongly credited Megapixel 
on p9 of the February issue. It 
should have read Girts Kravalis. 

• In December’s lead Discoveries 
story (pl9), 27,000 light-years is 
not equivalent to 10 trillion km. 

10 trillion km is approx I light-year. 
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News and views from the world of science msonUodyer 



n22 WERE DRAGONS 
EVER REAL? 

A new species of 
dinosaur uncovered 
in China resembles 
the mythical beasts 



EARTHS 

EVERYWHERE 

Billions of planets 
in our own Galaxy 
could potentially 
support life 


THE BIG STORY 

FIRST 

STEP 

TO 

ETERNAL 

YOUTH 

Reversing the ageing 
process in human cells 
could one day treat 
genetic diseases 


T elomeres are the 

protective caps located on the 
ends of each strand of DNA. 
Now, Stanford University 
scientists have devised a means of 
increasing their length, which could have 
major implications for treating 
age-related diseases. 

Telomeres prevent chromosomes from 
deterioration. In young humans they’re 
typically made up of 8,000 to 10,000 
nucleotides, the subunits of DNA. ^ 



o 


X, -o 


Telomeres are present at the end of 
DNA strands. Here, they can be seen as 
highlights on the end of the chromosome 


APRIL 2015 /FOCUS/ 19 


PHOTO: SOIENOE PHOTO LIBRARY 



PHOTO: NORBERT VON DER GROEBEN/STANEORD SCHOOL OE MEDICINE, ISTOCK X2 





Discoveries 


Dr Helen Blau’s research 
could help treat or prevent 
age-related diseases 


O Telomeres shorten each time a cell 

divides, and when they reach a critical 
length the cell stops dividing or dies. This 
process is thought to play a key role in ageing. 

In the study, the researchers treated human 
cells with modified messenger RNA. These 
are molecules that carry instructions from 
genes in the DNA to the cell’s protein-making 
factories. The treated cells behaved like much 
younger cells, multiplying readily rather than 
stagnating or dying. Skin cells with telomeres 
lengthened by the procedure were able to 
divide 40 more times than untreated cells. 

“We have found a way to lengthen human 
telomeres by as much as 1,000 nucleotides, 
turning back the internal clock in these cells 
by the equivalent of many years of human 
life,” explains researcher Dr Helen Blau. 

“This new approach paves the way toward 


preventing or treating diseases of ageing. 
There are also highly debilitating genetic 
diseases associated with telomere shortening 
that could benefit from a potential treatment.” 

The lengthening effect dissipates after 
around 48 hours, leaving the telomeres to 
continue to shorten with each cell division. 
This means that the treated cells don’t go on 
to divide indefinitely - this would make the 
technique too dangerous to use in humans as 
there would be a risk of cancers developing. 

“Existing transient methods of extending 
telomeres act slowly, whereas our method 
acts over just a few days to reverse telomere 
shortening that occurs over more than a 
decade of normal ageing,” says researcher 
Dr John Ramunas. “This suggests that a 
treatment using our method could be brief 
and infrequent.” 


1998 

Andrea Bodnar 
discovers that the 
lifespan of cultured 
human cells can be 
extended with the 
addition of the enzyme 
telomerase. 


^ 1^1977 

Australian-American 
researcher Elizabeth 
Blackburn uncovers the 
... molecular nature of 
telomeres while working 
as a postdoctoral fellow 
at Yale University. 


GOOD MONTH/ 
BAD MONTH 

It's been good for; 

OLDIES 

IT SEEMS THAT you can teach an old 
dog new tricks - they just learn in a 
different way. A study at University 
College London has found that rather 
than becoming gradually better at 
integrating different kinds of 
information, like 19- to 35-year-old 
whippersnappers, the over-60s 
learn new skills by suppressing what’s 
less important. 


ART LOVERS 

APPRECIATING ART 
and music may help 
boost immunity. 

A UC Berkeley team 
has found that the 
positive emotions 
engendered by experiencing art may 
decrease levels of pro-inflammatory 
cytokines. These proteins are 
associated with bad health. 


It’s been bad for: 

CREDIT CARD 
SHOPPERS 

JUST FOUR 
transactions was all 
it took to identify 90/ 
per cent of the users in a credit card 
database of 1.1 million people, using 
time and place information. That was 
the finding of scientists in Denmark, 
who say that more advanced 
technologies are needed to protect 
data privacy. 

FACEBOOK USERS 

BROWSING ON FACEBOOK can lead to 
symptoms of depression if the site 
triggers feelings of envy among its 
users. Researchers from Missouri 
University carried out the study by 
questioning 700 Facebook users. The 
effect comes from users unfavourably 
comparing their own lives to those of 
others. Expensive holidays, new 
houses and happy relationships are 
the main contributors. 


TIMELINE 

A history of ageing research 


1825 

British mathematician 
Benjamin Gompertz 
finds that mortaiity 
increases exponentiaiiy 
with ageing. This modei 
is caiied the Gompertz 
Law of Mortaiity. 


1961 


American anatomist 
Leonard Hayfiick (right) 
proposes the Hayfiick iimit. 
This is the maximum number 
of times thataceii is 
abie to divide before ceii 
division stops. 
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is part of a broader effort to fund 
research and science. 

What is ‘precision medicine’? 

According to the National 
Institutes of Health (NIH): 
“Precision medicine is an 
emerging approach for disease 
treatment and prevention that 
takes into account individual 
variability in genes, environment 
and lifestyle for each person.” 


That sounds pretty interesting. 
Tell me more... 

The money is being divvied out 
among several organisations. 

At the centre of the project is a 
programme to give researchers 
across the world access to 
the health information of one 
million volunteers. This will 
help them to develop new 
medicines and treatment 
techniques. 


PALAEONTOLOGY 

Here be dragons 


THERE CAN BE few mythical beasts as 
synonymous with their country of origin as the 
dragon is with China. Now, palaeontologists 
have discovered a new species of dinosaur that 
resembles the legendary creature. 

Qijianglong, meaning The dragon of Qijiang’, 
was found at a fossil site first discovered by 
construction workers in 2006. It’s about 15 
metres long and lived 160 million years ago 
in the Late Jurassic. It belongs to a group of 
dinosaurs called the mamenchisaurids. These 
are unique to Asia and are known for their 
enormous necks, which can measure up to half 
their total length. 

“Qijianglong is a cool animal. If you imagine 
a big animal that is half neck, you can see that 
evolution can do quite extraordinary things,” 
says the University of Alberta’s Tetsuto 


Miyashita. “It is rare to find a head and neck 
of a long-necked dinosaur together because 
the head is so small and is easily detached 
after the animal dies.” 

Upon inspection, Qijianglong was found 
to have neck vertebrae that were filled 
with air, which is a unique trait among 
mamenchisaurids. This made the neck light, 
despite its huge size. Interlocking joints 
between the vertebrae suggest that the neck 
was more flexible when bending vertically 
than sideways. 

The skeleton has been housed in a museum 
in Qijang. “China is home to the ancient myths 
of dragons,” says Miyashita. “I wonder if the 
ancient Chinese stumbled upon a skeleton of 
a long-necked dinosaur like Qijianglong and 
pictured that mythical creature.” 


What’s that? 

^ ~) It’s a biochemical process 
in which methyi groups, 
‘packets’ of atoms consisting of 
one carbon atom bonded to three 
hydrogen atoms, tag onto DNA. It 
can switch genes on and off and 
piays an important role in many 
different biologicai processes. 

Right. So what’s 
new? 

Four independent studies 
tracked the lives of neariy 5,000 
people for up to 14 years. Those 
with iarger numbers of methyi tags 
on their DNA were found to have 
shorter iife spans than the others. 
The methyiation is an indicator of 
a person’s ‘biological age’. 

Biological age? 

Yes. Biological age is a 
measure of how aged a 
person’s body is. It seems to be a 
more accurate marker of how long 
a person has left than going by the 
number of years they have lived. 

Got it. So what 
does this mean? 

The researchers say 
that those with a faster-running 
biological clock died younger. 
Smoking, education, cardiac 
diseases and diabetes did not 
influence how fast that clock runs. 
A previous study found that cancer 
did have an effect. It is hoped that 
these findings wiii result in a deeper 
understanding of ageing. 


What has he done? 

At this year’s State of the 
Union address, Barack Obama 
launched the Precision 
Medicine Initiative. This is 
a $2I5m (£I40m) research 
scheme with the goal 
of developing medical 
treatments that are tailored 
specifically to the genetics of 
patients, rather than taking a 
‘one size fits all’ approach. It 


WHO’S IN 
THE NEWS? 


Barack 

Obama 


President 
of the USA 
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Lonesbthe George, the last 
?^prtoise of his kind, at the 
.^ Galapagos National Park 


ACK IN 2009, 200 years 
after the birth of Charles 
Darwin, I was on an 
assignment in the remote 
Galapagos Islands. This is 
the biodiversity hotspot that the 
great scientist made so famous. 
Our focus was on evolution and, 
to our relief, it was remarkably 
easy to film the animals. The 
blue-footed boobies and marine 
iguanas seemed to pose for the 
camera rather than flee from it. 

But one afternoon came 
an unsettling experience. My 
cameraman and I were allowed 
into the holy of holies: the 
well-guarded enclosure that 


was home to the most famous 
giant tortoise in the world. 
Lonesome George. He was the 
last of his kind, a subspecies on 
the brink of extinction. 

Darwin had written about 
extinction as a part of the rise 
and fall of competing forms of 
life, the flipside of evolution. 
Now, the towering dome of 
Lonesome George’s shell shifted 
in the speckled light under 
a tree and his ancient head 
turned towards us. I know I was 
projecting my own emotions but, 
at the time, it felt that his eyes 
conveyed a desperate sadness. 

He died a few years later. 


Some brilliant conservation 
schemes have restored the giant 
panda and the black- footed 
ferret. But their numbers never 
quite fell into single digits; 
assisted reproduction had a 
chance of working without 
causing inbreeding. Once the 
last band of survivors becomes 
too small, there is little hope. 

That is the case with one of 
Africa’s greatest mammals, the 
northern white rhino. Hunted 
for their horns, there are now 
just five left on the planet. One 
idea is to try IVF with eggs and 
sperm harvested before the 
animals die out. Another plan 


is to gather stem cells and to 
freeze them in the hope that 
some day in the future it will be 
possible to create embryos. 

And this raises a dilemma. 
Some argue that because we 
caused the demise of the species, 
we have a duty to use modern 
science to restore it. Others say 
that the medical interventions 
- probes and sampling and 
sedations - are harmful in 
themselves. And, all the time, yet 
more species face oblivion. 


DAVID SHUKMAN is the BBC’s 
Science Editor. @davidshukmanbbc 




resulting effect was as if the 
egg had been 'unboiled’. / 


that applied forces to the tiny 
strands of protein in the white. 
This separated the proteins 
back to their clear form. 


Chemists unboil an egg 


How did they do it? / / 

First, they cooked the eggs for 
20 minutes so they were hard^ 
boiled. They then liquefied 
the cooked egg white with 
urea. This is a nitrogen-rich 
substance that is found in the 
urine of mammals. They then 
used a 'vortex fluid device’ 


What’s the point? 

Being able to reform proteins 
from yeast or E. coli bacteria 
may lead to more efficient 
methods of making proteins, 
\^ich could help create 
"cheaper cancer treatments^ 


What did they do? 

A team from the University of 
California, Irvine figured out a 
way of untangling the proteins 
in cooked egg whites and 
allowing them to refold. The / 
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HEALTH 

Overeating 

solved? 



IF YOUR SWEET tooth is causing you 
to pile on the pounds, you may want 
to read on. Researchers at MIT have 
identified a neural circuit that controls 
compulsive sugar consumption. 

Compulsive overeating is a reward- 
seeking behaviour that’s similar to drug 
addiction. But because eating is needed 
for survival, any successful therapies 
need to separate the neural mechanisms 
that cause overeating from those 
responsible for normal eating. 

The team found success when 
manipulating a neural pathway 
connecting the lateral hypothalamus, an 
area of the brain involved in hunger, to the 
ventral tegmental area, which is involved 
with the brain’s natural reward circuitry. 

Activating this pathway caused 
well-fed mice to spend more time eating. 
It also increased their consumption of 
a sugar solution placed separately from 
their food, even when they had to cross an 
electrified platform to reach it. Inhibiting 
this pathway in hungry mice reduced 
the sugar- seeking behaviour without 
decreasing normal food consumption. 

“Although obesity and Type 2 diabetes 
are major problems in our society, many 
treatments do not tackle the primary 
cause: unhealthy eating habits,” says 
author Dr Kay Tye. “Our findings are 
exciting because they raise the possibility 
that we could develop a treatment that 
selectively curbs compulsive overeating 
without altering healthy eating behaviour.” 



PLANETARY SCIENTISTS HAVE 
calculated that there are billions of 
Earth-like planets in our galaxy that could 
potentially support life. 

A team at the Australian National 
University made the calculation using the 
Titius-Bode law, along with knowledge of 
the thousands of exoplanets that have been 
discovered by the Kepler Space Telescope. 

The Titius-Bode law was created 200 
years ago and can be used to predict the 
positions of planets orbiting a star. Due to 
the method used to spot them, the Kepler 
Space Telescope is more likely to find 


planets that are very close to their stars. 
Using the Kepler data as a starting point, 
they then applied the Titius-Bode law to 
predict the existence of planets further 
away from their stars. 

They found that the standard star has 
roughly two planets in the so-called 
Goldilocks zone. This is the distance from 
the star where liquid water, crucial for life, 
can exist. If the calculation is correct, it 
would mean there are 200 billion Earth-like 
planets in the Milky Way alone. 

But don’t get too excited just yet. The 
university research team says it is highly 
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Kepler-62f is an Earth-like 
planet that orbits in the 
habitable region of its star 


unlikely that these exoplanets are home to 
thriving alien civilisations. 

“The ingredients for life are plentiful, and 
we now know that habitable environments 
are plentiful,” says researcher Dr Charley 
Lineweaver. “However, the Universe is 
not teeming with aliens with human-like 
intelligence that can build radio telescopes 
and spaceships. Otherwise we would have 
seen or heard from them. It could be that 
there is some other bottleneck for the 
emergence of life that we haven’t worked 
out yet. Or intelligent civilisations evolve, 
but then self-destruct.” 
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New websites, blogs and podcasts 

ANDROMEDA BOT 

twitter.com/AndromedaBot 
Hubble released the 
largest ever photo of 
the Andromeda galaxy 
in January 2015. This 
Twitter account tweets a 
new section of the picture 
every hour, allowing you 
to see individual stars in 
all their glory. According to the European Space Agency, you’d 
need over 600 HD TV screens to display the image in full. 



EDIBLE EDUCATION 

food, berkeley. edu/edible- 
education-101/ 

Ever felt like you should 
know more about where 
your food comes from, 
and how it could be more 
sustainable? This lecture 
course at the University 
of California, Berkeley, is 
exploring those questions and more. The first lecture was on 
26 January, but course materials are freely available online. 




JURASSIC WORLD 

jurassicworld. com/dinosaurs/ 
Jurassic World is almost 
here, and if you want to 
brush up on your dinosaur 
knowledge, then look no 
further than the film’s 
website. The jury is 
still out on exactly how 
scientifically accurate the 
film will be (the dinos in the trailer lacked feathers) but, either 
way, everyone’s going to be talking about them come summer. 




KELLY OAKES is 
science editor at 
BuzzFeed. She tweets 
from @kahoakes 


BRAINWAVE 

hnp://bit.ly/lESDRcT 
The Open University’s 
Brainwave app consists 
of five games that test 
your cognitive ability. But 
this isn’t your average 
brain-training game. It 
can tell you if you’re a 
morning or evening person 
based on your scores at 
different times of day. 

Your results will then be 
made anonymous and 
uploaded to help with real 
psychological research. 
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Temporary tattoo to 
measure blood glucose 


IT SEEMS TATTOOS may no longer, 
be the preserve of footballers, rappers 
and Shoreditch hipsters. A group at the 
University of California has created 
a temporary paper-based tattoo that 
measures blood glucose levels using a 
mild electric shock. The technology could 
replace the current finger-prick method. 





Take a blood test without the 
need for a needle 


Compound in wine 
may aid memory 

RESVERATROL, AN ANTIOXIDANT 
found in the skin of red grapes, as 
well as in red wine, may help to 
prevent age-related memory decline. 
Researchers at Texas A&M University 
found that rats treated with the 
compound showed improved spatial 
learning and memory, and double the 
rate of growth of new neurones. 




O Graphene 
LEDs 


GRAPHENE COULD ENABLE 


engineers to create the first 
generation of semi-transparent 
devices, according to research 
at the University of Manchester. 
The team constructed LEDs by 
combining different 2D crystals of 
graphene. 


The 



components 
are just 
10-40 
atoms 
thick and 
emit light 
across 
their 
whole 
surface. 


D Stem cell treatment 
to reverse baldness 



American researchers have turned stem cells into 
the cells that control hair growth 


GOING A BIT thin on top? Fear not. 


They coaxed the 

stem cells to become dermal papillae, 
which are cells that regulate hair 
follicle formation and growth. The 
treatment has been successful in rats, 
and the researchers now hope to tr\^ 
in humans too. / 


Drug preserves 
brain function 
after stroke 

RETIGABINE, A DRUG currently 
used for treating epilepsy, could 
significantly reduce the debilitating 
effects of strokes. A team in Texas 
found that the drug greatly reduced 
damage to brain tissue when tested in 
mice that had suffered strokes. It also 
helped to preserve motor functions 
such as balance and coordination. 
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Liquid 
sunshine 

THE FUEL IN your car may one day 
be produced by genetically modified 
bacteria. Harvard scientists have 
designed a system that uses an 'electric 
leaf’ to liberate hydrogen from water 
using sunlight. The bacterium Ralstonia 
eutropha then absorbs the hydrogen 




I 
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Drought- 
tolerant plants 


HUMANS ARE NOT the only ones 
struggling with the effects of climate 
change - plants are too. Help may 
be on the way, as researchers in 
California have used synthetic biology 
techniques to help plants conserve 
water by encouraging 
the production of ^4 / 

a specific protein. ^ 

The research could r 4- 
lead to hardier, more 
drought-resistant 
plants. 

Hardier plants could soon 
be arriving in our gardens 




The first synthetic 'human 
guinea pig’, compared 
in size to a €1 coin 


A TEAM IN BERLIN has pro duced 
a multi-organ chip that cou ld 

Cells 

variods organs can be placed in the chip 


and used to simulate processes that occur 
within the human body. The substance to 
be tested is then introduced into the chip 
and its effects are monitored. 


Chip could replace 
animal testing 


1 • ' 

0 Immune cells 

. . V. » ' 

^ may help fight 


Alzheimer’s 


ALZHEIMER’S DISEASE IS 

* ». - , ■ 

an irreversible, progressive 

, . O " \ ^ "" 

brain disease that causes 


problems with memory. 

‘ Vi . 

thinking and behaviour. Brains 

. V • y . 

with Alzheimer’s disease show 

'A ‘ . 

build-up of a sticky plaque. 


This is made of a protein called 


beta- amyloid and induces 


memory loss. A team in 

A- ' . - 

California has found that 

- * 1 - 

inhibiting a substance 

■ -V ' V. ■ 

called interleukin-IO in 

- - . .. -'..X- 

mice activates an immune 

% ■ • • 

response to clear the brain 

. :* - 

of plaques, restoring brain 

, ^ \ .. ' ' ' •, 

cells that were damaged. 

" * * 

The work could lead to more 
effective human therapies. 

, . - ■ \ 

Beta-amyloid proteins that are difficult to break down 
can accumulate in the brain and lead to Alzheimer’s 


1 Intelligent 
^ ^ keyboard 


ALWAYS FORGETTING YOUR 
passwords? There may soon be a 
solution. Engineers at the Georgia 
Institute of Technology have created 
a keyboard that can identify users by 
their typing style. The keyboard is 
capable of recording key strokes to 
create a profile for users. It could be 
used instead of, or as well as, regular 
passwords for security. 
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PHYSICS 

*Crazy * particle explains the 
Universe’s missing mass 


Huge swathes of dark matter float 
in space in this artist’s impression. 
In reality, dark matter is invisible 



IT’S ONE OF the biggest questions 
in science: what is dark matter, 
the missing stuff that makes up 85 
per cent of the Universe’s mass? 

A team from the University of 
Southampton is proposing that it 
could be made up of a new type of 
particle. The particle’s mass is 
about 0.02 per cent of an 
electron’s and does not interact 
with light. But it does interact 
strongly with normal matter. 

“Our candidate particle sounds 
crazy, but currently there seem to 
be no experiments or observations 
which could rule it out,’’ says 
co-author Dr James Bateman. 
“Dark matter is one of the most 
important unsolved problems in 
modern physics, and we hope that 
our suggestion will inspire others 
to develop detailed particle theory 
and even experimental tests.’’ 


Though it cannot be seen with 
telescopes, dark matter is thought 
to exist due to otherwise 
unexplained gravitational effects 
on stars and galaxies. The team 
says their proposed particle would 
be unable to penetrate the Earth’s 
atmosphere, making detection 
from the ground impossible. They 
are hoping to incorporate searches 
for it in the upcoming space 
experiments being carried out 
by the MAQRO consortium. 

“At the moment, experiments on 
dark matter do not point in a clear 
direction. Given that the Large 
Hadron Collider at CERN has not 
yet found any signs of new 
physics, it may be time that we 
shift our paradigm towards 
alternative candidates for dark 
matter,’’ explains co-author Dr 
Alexander Merle. 


NATURE 

Solar-powered slug 


THE EMERALD GREEN sea slug 
takes genes from the algae it eats 
and uses them to generate energy 
through photosynthesis, Chicago 
University scientists discovered. 

It is one of the only known 
cases of functional gene transfer 
from one multicellular species 
to another. 

“There is no way that genes 
from an alga should work inside an 
animal cell,’’ says co-author Prof 



Sidney K Pierce. 

“And yet here, they 
do. They allow the ^ 
animal to rely on sunshine*', 
for its nutrition. If something 
happens to their food source, 
they have a way of not starving 
to death until they find more 
algae to eat.’’ 

Researchers hope to mimic this 
process to correct genetic 
diseases in humans. 



Mm rHicniLi udviuUi) with James Lloyd 
Inventions and discoveries that will change the world 




MUM 


Silent movies 

THE MUSIC SWELLS and a roomful of cinemagoers grip their seats as the 
hero moves in for a kiss. His dewy-eyed lover gazes back, and then... 
rinnnnnng! It’s your phone, and now the whole cinema is looking your way. 

A new patent from Microsoft promises to make inopportune phone calls 
a thing of the past. The technology will put your phone into ‘inconspicuous 
mode’ when you’re in the cinema, disabling the sound and dimming the 
screen so you don’t disturb your fellow popcorn-munchers. 

Microsoft’s system will automatically detect when you’re at the movies, 
by monitoring your GPS location, checking your calendar for cinema trips, 
noting details of tickets bought online, or even sensing changes in light 
levels. It could also be used in meetings, the bedroom or on public 
transport, meaning you’ll never be ejected from the Quiet Coach again. 
Patent number: US 8,934,879 


Doze on demand 

WHEN CAMOMILE TEA doesn’t do 
the trick, here’s a new way to help 
you drop off: Sprayable Sleep. The 
concoction has been developed by 
a team in the US and contains just 
three ingredients: water, tyrosine 
(an amino acid) and melatonin - the 
hormone that regulates our 
circadian rhythms and is often used 
to treat sleeping disorders. Once in 
contact with the skin, Sprayable 
Sleep is absorbed by the body, 
providing a release of melatonin 
that the makers say gives a natural- 
feeling sleep without the grogginess 
often associated with sleeping pills. 
Patent pending 


Pocket power 

ARE YOUR GADGETS always 
running out of juice? A portable 
power generator could be the 
solution. Kraftwerk is a 
lightweight device that uses fuel 
cell tech to convert camping gas 
into electrical power. Developed 
by materials scientist Dr Sascha 
Kuhn, the device is capable of 
charging 11 iPhones with just one 
load of gas. Using gas instead of 
batteries means that kraftwerk 
can be quickly refilled. As you 
don’t need to be anywhere near 
a power socket, it’s a perfect 
solution for those camping trips. 
Patent pending 
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ECOCA^EL 


Making shoiuers better 


SPECIAL 30-DAY MONEY BACK GUARANTEE’ 

FOR ALL FOCUS MAGAZINE READERS 


feefo** 

Our customers rate 
our excellent service 


95° 



The best 

cost-saving 

energy 

device ever? 


Experience an invigorating shower like no other 
saving you water, energy and money! 


friendly experts on 0208 211 3666 
- who will be more than happy to help. 


I ntroducing the Jetstorm - the newest addition to our 
groundbreaking range of revolutionary water-efficient 
shower heads from Ecocamel. With several years of scientific 
research, we have been able to produce a shower head 
that instantly increases pressure and performance to create an 
exhilarating shower experience, whilst using significantly less 
water. So confident are we that you’ll love your new powerful 
shower, we’re offering all Focus magazine readers a 30-day 
money back guarantee*. Plus for a limited time only, 40% off the 
RRP and a FREE hose worth £10. 

The science 

This pioneering new shower head is called the Jetstorm because 
of its patented dual valve ‘AirCore’ technology. Developed to 
infuse a storm of minute air bubbles into each droplet which are 
then blasted, jet-like, onto your skin... we guarantee you’ll increase 
your shower’s power instantly and reduces your water consumption 
considerably! The droplets - now bursting with air - are so much 
lighter than normal and, rather than just bouncing off you, they 
saturate and spread all over your body - a sensational experience. 

Save more than just water 

These are tough economic times - with a ‘triple-dip’ recession 
looming and energy prices set to rise by up to 19%, everyone 
is trying to cut their costs. The Jetstorm not only helps cut your 
water bills but reduces your energy bills too! Using less water 
means using less energy to heat it, saving you ££££s on your 
energy bills - SIMPLE! 

Do I have to call a plumber? 

Absolutely not, it really could not be easier. It takes just a few 
seconds to unscrew your existing shower head and pop on your 
new water-efficient Jetstorm. 


Which Jetstorm is right for me? 

If you have a normal gravity, main-pressure or pump system just 
order the Original Jetstorm. If you use a low-pressure system or 
electric shower, ask for the Jetstorm E. 



BRITISH mvEriTion 
RRD DESICn 

by Robin Whitfield 


Suitable tor all shoujer systems 


Don’t just take our word for it, 
read what the experts say... 



“My husband grudgingly admits the new model 
works better than the conventional shower head, 
so it's staying on the shower - much to my and the 
household purse's delight!" 

Sarah Lonsdale - Sunday Telegraph 

“We tried out five eco shower heads 
[checking their fiow rateand quaiity of 
experience. Our favourite is the Ecocamei 
Jetstorm, it felt powerful and Invigorating. ” 

Good Flousekeeping Institute 

“Definitely one of the simplest ways to moke finonciol 
savings in the home without having to moke too many 
changes to your routine." 

Justin Harper - Daily Mail 

Even hotels are cashing ini 

“I made my decision to use Ecocamel for two reasons: firstly 
the savings I mode - the Ecocamel shower heads will save me 
annually over £4,000 of combined energy and water costs per 
hotel. Secondly, the shower head gave o very refreshing and 
excellent experience which is very important to our guests." 

Mr. T. G. General Manager, The Days Inn Hotel, Hyde Park 



ILJater 

SUPER poujer : 
SUCTIOnCUPS ; 

Great bathroom storage solutions. | 
View our entire range online at i 

ujujuj.ecocamel.co.uk I 


“I am delighted, the payback on the initial investment has 
been under 9 months, which speaks for itself. Adding to this 
commercial benefit is the showering experience an Ecocamel 
shower head gives, which has been commented on by many 
of our customers." 

K. Sawbridge, Ops Director, Alfa Leisureplex Holiday Group 


SHOUJER HOSE 

Worth £10 




Start enjoying your new pouierful shower today and begin to save water, energy and money! 


Coll 0Z08 211 3666 or visit ecocamel.co.uk/broc369 quote bfoc369 




Or fill out the order form below and send to: ECOCAMEL Ltd, Dephna House, 24-26 Arcadia Ave, London, N3 2JU 

*Use an Ecocamel shower head for 30 days - if you are dissatisfied for any reason, then please return to us for a full refund. 



YES please send me my: 

□ 1 Jetstorm + FREE HOSE £29.95 + £4.95 p&p =£34.90 

For standard systems 

□ l Jetstorm-E + FREE HOSE £29.95 + £4.95 p&p =£34.90 

For electric and low pressure systems 

EH 2 Jetstorms + 2 FREE HOSES £49.95 + FREE p&p =£49.95 

For standard systems - SAVE £13.95 

□ 2 Jetstorm-Es + 2 FREE HOSES £49.95 + FREE p&p = £49.95 

For electric and low pressure systems - SAVE £13.95 

GRRnO TOTRL: 


I enclose a Cheque/PO made payable to Ecocamel Ltd 


or pay by credit/debit can 
Card 1 1 

No. 1 1 

d: 





1 1 










start Date 

/I 



[ 

Expiry Date 

J/ 

1 1 1 

Security Cod 

e 











Signature 


BF0C369 


Name 


Address 





Post Code 

Email 


Telephone 



If you do NOT wish to receive further SPECIAL OFFERS from us, or from companies 
we recommend, please tick this box □. 


Post to: ECOCAMEL Ltd, Dephna House, 24-26 Arcadia Ave, London, N3 2JL) 




Grand Cherokee 


THE FIRST SUV THAT TAKES YOU 
TO NEW YORK AND BACK/ 


That SUV is the Jeep Grand Cherokee 

For a limited time, between 16th February - Sist March the most awarded SUV ever* 
comes with 2 return Virgin Atlantic flights to New York! You’ll also get 0% APR 
representative finance** 3 years' free servicing^ and as always, exceptional features. 

Visit your local dealer orjeep.co.uk before 31st March. 


Jeep 

THERE'S ONLY ONE 


Jeep^ with 


into 


Model shown is a new Jeep Grand Cherokee 3.0 litre V6 Summit with special paint at £51,465 OTR. OFFICIAL FUEL CONSUMPTION FIGURES FOR THE NEW 2014 
JEEP® GRAND CHEROKEE DIESEL RANGE IN MPG (L/100KM): EXTRA URBAN 43.5 (6.5), URBAN 30.4 (9.3), COMBINED 37.7 (7.5), CO; EMISSIONS: 198 G/KM. 

Fuel consumption and COj figures are obtained for comparative purposes in accordance with EC directives/regulations and may not be representative of real-life driving conditions. Factors such as driving style, weather and road conditions may 
also have a significant effect on fuel consumption. *Claim relates to the Jeep Grand Cherokee nameplate over its lifetime. ^Promotion applies to new Jeep Grand Cherokee vehicles purchased and registered between 16th February and 31st 
March 201 5 inclusive. Terms & conditions apply, see jeep.co.uk for full details. **HP finance, subject to status. 1 2% deposit required, 3 year contract. Jeep Financial Services, PO Box 4465, Slough SL1 ORW. +Jeep Grand Cherokee Service Plan 
("Service Plan") is now available on all new Jeep Grand Cherokee models registered between 3rd January and 31 st March 201 5. Up to 3 years/30,000 miles (whichever comes first) free servicing offer applies to all new Grand Cherokee models. 
Retail sales only. The Service Plan will cover parts, lubricants and labour as part of the manufacturer's standard servicing schedule - ask dealer for full details. Service Plan membership card will be sent to you following vehicle purchase. 
Promotion only valid at authorised Jeep dealers and service agents. Terms and Conditions apply. Participating dealers only. To find out more please visit jeep.co.uk. Jeep® is a registered trademark of Fiat Chrysler Automobiles US LLC. 
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INSIDE SCIENCE 


Gominent 


ROBERT MATTHEWS 

Why you should take studies of human behaviour with a pinch of salt 


D id you see the story about how 

personality is the result of upbringing 
rather than genes? How about the one 
olaiming that happy eouples often have 
similar hormones, or that oity living 
messes with sleep patterns? I love these kinds of 
stories - right up until I get beyond the headline 
and read the lame line “at least in birds". Or in 
aardvarks, tadpoles or some other oreature. 

The feeble logio behind suoh stories is that the 
outeome of studies of animals might be relevant 
to humans. Well, it might - though I generally 
doubt it very muoh. In any ease, the only way 
to tell is by doing experiments on humans, and 
until then I’m really not interested. Yet even my 
jaundioed attitude presumes that studies of 
humans will lead to genuine insights. Sadly, that 
is far from guaranteed. 

Every week the media reports new researoh 
showing that, say, people are most prone to 
arguments in late November. Ohanoes are that the 
researehers aetually disoovered that US students 
row with their parents during Thanksgiving. 

Okay, I made up that soientifio nugget, but 
the dangers of believing olaims based on human 
studies are real enough. A few years ago, a team 
led by psyohologist Prof Joseph Henrioh of the 
University of British Columbia found that muoh of 
what soienoe supposedly knows about ‘human’ 
nature is based on studies of a very speoial set 
of people: those from what they termed WEIRD 
sooieties (western, edueated, industrialised, rioh 
and demoeratio). 

It’s not just where the 
partioipants hail from 
that’s a problem - what 
they’re asked to do is 
pretty questionable as 
well. In his best-selling 
book Thinking, Fast and 
Slow, Nobel-winning 
psyohologist Daniel 
Kahneman reealls his 
surprise at learning that 


Stanley Milgram’s study 
suggested that even nice 
people can be persuaded 
to do nasty things 


‘‘Milgram wanted 
to investigate how 
ordinary peopie from 
a civiiised society 
couid commit acts of 
appaiiing barbarity” 

experiments on human 

risk-taking often involve piffling sums of money. It’s therefore unlikely that 
suoh studies will tell us muoh about how we make life-ohanging deoisions. 

But perhaps the biggest problem with so muoh human-based researoh 
is how it ignores the subtleties of behaviour. Take the ease of arguably 
the most famous of all psyehology experiments, performed by the brilliant 
US psyohologist Stanley Milgram in the early 1960s. Milgram wanted to 
investigate how ordinary people from a eivilised sooiety oould oommit aots 
of appalling barbarity, as Germans did under the Nazis, for instanoe. 


He reoruited people to take part in a study of memory, whioh involved 
giving an unknown person inoreasingly powerful shooks as punishment 
for mistakes. In reality, the viotim was just an aotor pretending to be in 
pain, and the study was trying to find out how to persuade people to 
oontinue to give shooks, despite the apparent agony they were inflioting. 
Astonishingly, almost two-thirds of the partioipants obeyed instruotions to 
oontinue giving shooks, all the way up to apparently lethal levels. 

Milgram argued that this showed nioe people will oommit nasty aots 
if they’re able to oonvinoe themselves they’ve shifted the responsibility. 
Yet new researoh suggests Milgram missed key insights by oategorising 
people as obedient or not. Analysis of voioe reoordings during the 
experiment has revealed that the way people are instruoted to oontinue is 
oruoial. It turns out that simply telling people they have no ohoioe but 
to oontinue often triggers rebellion. That’s a new and oomforting 

insight from Milgram’s otherwise 
depressing study. It’s also one 
worth pondering whenever 
soientists insist we have no ohoioe 
but to aooept their findings. ■ 


ROBERT MATTHEWS is Visiting 
Reader in Science at Aston 
University, Birmingham 
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Buy. Sell. Part-Exchange 






Stocking the UK’s widest range of new & 
used camera equipment online & instore 

6 Month Guarantee on used items 

7 Day no-quibble returns 
y Next Day Delivery 


< Why buy New, when you can get 
ALL this for the same price? 






Instant Online Quote Post it, or we collect Cash or instore credit! 


If you’re unsure about your options, then give our friendly staff a ring today on 020 8949 01 23 Mon-Sat, 9am-5pm 
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EVERYDAY SCIENCE 


HELEN CZERSKI 

Starter snowboarders learn to love friction... 


A fter slithering inelegantly to a 

Stop, I sat down slightly too hard on the 
snow and surveyed the soene. The 
board attaohed to my feet was deoked 
out in a oolour soheme oozing daredevil 
Ohio (implying, unreasonably, that I also belonged in 
that oategory). A bit further down the slope was my 
snowboarding instruotor, almost entirely hidden 
behind beard and goggles, and olearly aooustomed 
to waiting patiently. Beyond him was a lot of white, 
flowing down the mountain towards distant hot 
ohooolate, warmth and safety. “You’ll like this,” the 
beard said, “I’ll draw you a diagram.” 

He traeed out a ourve for the path of the 
snowboard, and another ourve for the path of my 
oentre of mass. I suddenly felt a wave of 
oomeuppanoe arrive. I’ve been drawing diagrams 
like that for years: idealised situations where 
point-like objeots respond to unoomplioated foroes 
are the bread-and-butter of physios. But these 
diagrams almost always leave something important 
out. And the problem with my eurrent situation was 
that this time, the important thing wasn’t ever really 
there. There was almost no friotion. My first 
snowboarding lesson was aotually a lesson in 
navigating the idealised world I’d been drawing for 
years. And it was painful. 

Friotion gets a bad rap, but what it really gives us 
is oontrol. It heads off the oonservation laws - 
eonservation of momentum and oonservation of 
energy - by providing an esoape valve. Walking is 
only possible beoause of friotion with the floor. 

Wheels wouldn’t work if they eouldn’t grip. Energy 
leaehes away via friotion, 
so we have to oonsoiously 
supply more energy to 
keep going. 

There are alternative 
ways to oontrol our 
movement, but 
snowboarding really 
highlights their limitations. 

You oan ohangethe 
position of your oentre of 
mass to rotate about a 
pivot point. You oan plough up snow in front of your board to give you 
something to push against. But there’s no room for misjudgment - get it 
wrong and your ooooyx is going to suffer. This is Newton’s laws of motion 
writ large: a body will oontinue either at rest or in motion unless a foroe is 
applied to it. Foroes aooelerate you, and for every aetion there’s an equal 
and opposite reaetion. That last one made me terrified of the trees. 

Of oourse, you do need a bit of friotion for snowboarding to work. But 
the thrill of the sport oomes from the freedom of mostly doing without 


"Friction, far from 
being the curse of our 
worid, is one of the 
most usefui toois we 
have. And i have the 
bruises to prove it” 


friotion, while maintaining oontrol of the tiny bit that’s left so 
that you don’t kill yourself. As I looked down the hill, a baggy blur 
of oolour swooshed past, olearly as olose to an idealised friotionless 
diagram as a human oould get. “Turning is useful beoause it slows you 
down,” my instruotor said, before zooming off to demonstrate his point. 

As I stood up to re-start my semi-oontrolled falling, it beeame obvious that 
energy loss - that universal nuisanee of the physioal world - had suddenly 
beoome the most preoious tool I had. I wondered whether Newton had 
been iee-skating before he wrote down his laws of motion. He did live in 
an era when there were frost fairs on the River Thames, but I’ve never 
heard anyone mention a link. 

I loved that day on the mountain, and maybe I’ve oaught the 
snowboarding bug. But exoiting as the idealised world of friotionless 

physios was, I wouldn’t like to live 


DR HELEN CZERSKI is a physicist, 
oceanographer and BBC science 
presenter whose most recent 
series was Super Senses 


there. Friotion, far from being 
the ourse of our world, is one of 
the most useful tools we have. 
And now I have the bruises to 
prove iti ■ 
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BUILT-IN GPS AND WI-FI 




I AM THE NIKON D5300. I am creativity in every pixel: I 
sharing your creations around the world with my built-in Wi-Fi* and GPS. 
So you'll impress everyone with the new perspectives you'll find with my 
vari-angle monitor. Images will stand out in your social media network 
with my 24.2 MP CMOS sensor, 39 focus points and ISO up to 12,800. 
I am your creative outlook, www.nikon.co.uk 

*Wi-Fi enabled smart device is required to share images. 



( 2YEAR^ For 2 year warranty on any camera and lens kit simply register your new Nikon within 30 days of purchase. 
WARRANTY ) Offer applies to UK & Republic of Ireland stock only. Call 0800 597 8472 orvisitwww.nikon.co.uk/register 


At the heart of the Image 
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THE FUTURE 


Gominent 


STEPHEN BAXTER 

Jules Verne’s 19th Century science fiction continues to inspire today 



J ULES VERNE'S NOVEL 20,000 Leagues 
Under The Sea (1870) tells the story of 
Captain Nemo and his submarine, the 
Nautilus. And today, 110 years after Verne’s 
death in Marsh 1905, we are on the verge 
of extraoting energy from the oeean, just iike 
Nemo doesinthetaie. 

Jules Gabriel Verne was born in 1828 in a 
Frenoh seaport. He was aiways fasoinated by 
tales of disoovery and adventure, but by the time 
he wrote 20,000 Leagues, his worid had been 
transformed by teehnologies like trains, 
high-speed steam frigates and transatiantio 
telegraph sables. Verne didn’t invent the 
submarine, but studied an early Frenoh Navy 
vessel sailed the Plongeur as the model for 
Nemo’s oraft. 

Thanks to his oare over teohnioai aoouraoy, 

Verne aohieved an unoanniiy prophetio hit-rate. 

From The Earth To The Moon (1865) inspired the 
20th Century NASA engineers who found a way to 
reaoh the lunar surfaoe - exoept they used 
roeket-driven spaeeoraft rather than Verne’s 
oannon. And as reported in iast Deoember’s 
Foous, the novel Journey To The Centre Of The 
Earth (1864) is oapturing the imaginations of 
modern soientists who seek to probe the Earth’s 
mantie. Today, engineers are devising systems 
not unlike Verne’s for powering ooean-going oraft. 

But where does Nemo get the eleotrioai 
power for his submarine? From the heat of 
the sea itself: speoifioally, the temperature 
differenoe between the warm upper layers and 
the oolder depths. Nemo 
says: “By establishing 
a oireuit between 
two wires plunged to 
different depths, [one 
oould] obtain eleotrioity 
by the differenoe of 
temperatures to whioh 
they would have been 
exposed.’’ That is, 
heat energy from the 
ooean is eon verted to 
eleotrioai energy. 

This obvious-sounding idea was first developed in a praotioai design by 
Frenoh physioist Jaoques-Arsene d’Arsonvai just 11 years after 20,000 
Leagues was pubiished. In the 20th Century, as renewable souroes of 
energy were explored, the idea was revived under the moniker ‘ooean 
thermai energy oonversion’ (OTEC). Modern systems don’t use Nemo’s 
wires. Instead, they have pipes eontaining a iiquid with a iow boiling 
point, suoh as ammonia, whioh boils in the warm surfaoe iayers. This 


‘*Where does 
Captain Nemo get the 
electrical power 
for his submarine? 
From the heat of 
the sea itself” 


drives a turbine, before being re-liquefied by eold water pumped up from 
the depths. In prinoiple, OTEC oould provide the worid’s ourrent energy 
demand thousands of times over. 

Ambitious OTEC sohemes oaptured imaginations during the 1970s oil 
orisis, but there were praotioai problems assooiated with pumping tonnes 
of oold water every seoond. Sinoe then, new teohniques suoh as the use 
of ultra-iight, ultra-strong materials for the oold water extraotion pipes 
have transformed the possibiiities for the teohnology. In 2013, aerospaoe 
giant Lookheed Martin announeed plans to oonstruot a 10-megawatt 
plant off the ooast of China. Other piiot sohemes are in development. 
Environmentalists fiagthe dangers of aigal blooms and other disruptions, 
but engineers are oonfident that suoh probiems oan be minimised. 

In Verne’s book. Nemo was told that his Nautilus was a oentury ahead 

of its time. And so it was: the US 
Navy’s first operational nuolear 
submarine (SSN-571), iaunehed in 
1954, was oaiied Nautiius. And in 
years to oome, Verne’s steampunk 
visions wiii oontinue to inspire, f 


STEPHEN BAXTER is a science 
fiction author who has written 
over 40 books. His iatest is 
Ultima, pubiished by Orion 
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Opcspecialist 


PC Specialist recommends Windows *8 windows 

Microsoft 





Minerva 

"Under a grand nets you a system that is 
powerful enough to use in any gaming title 
you care to play-" 

Bryan Water, OC3D.net 


Overclocked Intel® Core™ 
i5-4690K Quad Core / f n 

Windows 8.1 [ 

1 6GB HyperX DDR3 I t “ 

FURY 1600MHz \ 

1 20GB HyperX 3K SSD 
2TB 7,200RPM HDD 
4GB NVIDIA* GeForce® GTX 970 
3 Year Standard Warranty 






Vortex 440 

"a true winner of a system; offering great 
value for money, epic all-round 
performance and superior build quality^' 
Ryan Martin, eTeknix.com 


Intel® Core™ Six Core X 

i7-5820KCPU / f| 

Windows 8.1 f 

1 6GB HyperX DDR4 I £ I 

Predator 2400MHz 
240GB HyperX 3K SSD 
2TB 7,200RPM HDD 
4GB NVIDIA® GeForce® GTX 970 
3 Year Standard Warranty 




Predator X99 

"The Predator X99 is built to very high 
standards and designed for a myriad of 
duties including 4K." 

Zardon, KitGuru.net 


Intel® Core™ Six Core 
i7-5820KCPU / f 

Windows 8.1 I 

1 6GB HyperX DDR4 \ £^ 

PREDATOR 2400MHz \ 

240GB HyperX 3K SSD \ 
2TB Seagate SSHD 
8GB AMD Radeon™ R9 295X2 
3 Year Standard Warranty 



Ultranote II 

"what you do get with the UltraNote II Is 
more than just alright It gets the Job done, 
and does so at a reasonable price." 
TechRadar.com 


15.6" Full HD IPS Display 
(1920X 1080) 

Intel® Core™ Quad Core / 
13^1 10M CPU / 

Windows 8.1 I 

8GB Kingston 1600MHz\ 
500GB 5,400 HDD 
Intel® HD Graphics 4600 
3 Year Standard Warranty 
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OptimusVX13 

"Need a powerful 13 inch laptop? The 
Optimus V XI 3 packs a serious punch! 
Zardon, KitGuru.net 


13.3" Full HD IPS Display 
(1920x1080) 

Intel® Core™ Quad Core / f m 
17^71 OMQ CPU i 

Windows 8.1 I £ / 

8GB HyperX DDR3 V 
IMPACT 1 600MHz 
1TB Seagate SSHD 
2GB NVIDIA GeForce GTX 860M 
3 Year Standard Warranty 



17.3" Vortex IV 

Designed for high end gaming, the 1 7.3" 
Vortex IV is an extremely powerful Haswell 
ready notebook PC with the choice of 
several extremely powerful graphics cards. 


17.3" Full HD Display 
(1920x1080) 

Intel® Core™ Quad Core / ^ 
17^81 OMQ CPU I 

Windows 8.1 I £ I « 

16GB HyperX DDR3 V 

IMPACT 1 600MHz 
480GB HyperX 3K SSD 
6GB NVIDIA GeForce GTX 970M 
3 Year Standard Warranty 



Unleash the gamer 
within you... 




Start 



AWARD WINNING 
CUSTOM PCs & 
LAPTOPS FROM THE 





UK's LEADING 
MANUFACTURER! 


Defiance 980 

Get all the power you need to run the 
latest games with ease, in this slim gaming 
laptop! Featuring the new 9-Series 
graphics, you'll never be running low FPS 


3DVisk>n1800PC 

This brilliant gaming PC is everything you 
need to play games in 3D. With a monitor 
and glasses included, you are set up and 
ready to go straight out of the box! 


Vortex 1 000 Gaming PC 

The Vortex 1 000 Gaming PC takes the 
combined power of Intel's 4th Gen tech- 
nologoy and NVIDIA GeForce GTX to give 
you a PC ready for next generation games. 


4th Gen Intel* Core™ 
i5-4690K Processor / fn 

Windows 8.1 / 

8GB HyperX DDR3 I t 

BEAST 21 33MHz \ 

1 20GB HyperX 3K SSD 
2GB NVIDIA* GeForce* GTX 760 
Corsair 650W CS Series PSU 
3 Year Standard Warranty 


15.6"Full HD Display 
(1920x1080) / fro 

4th Gen Intel* Core™ f ^ i 
17-471 OHQ CPU I £ 1 4. 

Windows 8.1 \ 

1 6GB HyperX DDR3 

IMPACT 1600MHz 

120GB HyperX V300 SSD 

4GB NVIDIA* GeForce* GTX 980M 

3 Year Standard Warranty 


AMD Eight Core 
FX-8370CPU 

Windows 8.1 ( ^ ^ ■ 

32GB HyperX DDR3 \ £ 1 i 

FURY 1600MHz \ 

1 20GB HyperX 3K SSD 
4GB NVIDIA* GeForce* GTX 980 
ASUS 27" 3D Ready Monitor 
Corsair 650W RM Series PSU 
3 Year Standard Warranty 



. 4th Gen Intel* Core™ 
\ 15-421 OU Processor 

IFj 360° Flip Capability 

J 10 Point Multi-touch 
^ 13.3"GlossyFullHDIPS 
8GB DDR3 1 600MHz RAM 
Windows 8.1 
3 Year Standard Warranty 
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...where time runs backwards 
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A brand new idea about the 
Big Bang reveals why our 
clocks always go forwards, 
explains Marcus Chown 


HE BIG BANG may not have spawned one 
universe, it may have spawned two. One is 
our Universe, where time runs normally. 
The second is a twin universe in which 
time runs backwards. The latter universe, 
located 'on the other side of the Big Bang’, 
would appear completely normal to its 
inhabitants, with stars and galaxies 
congealing from the cooling debris of the Big 
Bang much like in our Universe. If it were 
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© possible for us to look back through the Big 
Bang to this cosmic doppelganger, its 
backward-running time might make it appear like a 
universe in reverse, contracting to a Big Crunch. 

Dr Julian Barbour of the University of Oxford, Dr 
Tim Koslowski of the University of New Brunswick 
and Dr Flavio Mercati of the Perimeter Institute in 
Ontario made this extraordinary discovery while 
trying to understand one of the great puzzles of 
physics: why there is a direction of time. We 
commonly associate this 'arrow’ of time with the 
way in which eggs break, people grow old and 
castles crumble. We never see eggs unbreak, people 
grow young and castles un-crumble. But why we do 
not isn’t as obvious as it might seem. 

ARROW OF TIME 

The problem is that all the fundamental laws of 
physics are 'time symmetric’ - they permit 
processes to work equally well backwards as 
forwards. For instance, an atom can spit out a 
photon of light and it can also suck in a photon of 
light. If you were shown a film of an atom doing 
something, you would never be able to tell whether 
the movie was being run forwards or backwards. 
Both events would appear perfectly reasonable. In 
contrast, if you were shown a picture of a complete 
teacup and the same cup smashed into tiny shards, 
you would be in no doubt that the picture of the 
broken cup was taken later. 

This so-called thermodynamic arrow of time is 
associated with the change from order to disorder. 
And, obviously, this can happen only if the Universe 
was in a more ordered state in the past. The trouble 
is that an ordered state is a special state - it smacks 
of something set up by God, which makes it 
uncomfortable for physicists to accept. 

The I9th Century German physicist Ludwig 
Boltzmann speculated that, although the Universe 
on the whole was disordered, by some incredible 
fluke we happen to live in a super-ordered location. 
It could be considered a rare 'statistical fluctuation’ 
- the cosmic equivalent of an unbreaking cup. Most 
physicists consider this an unsatisfactory 
conclusion since it merely explains the specialness 
of our Universe in terms of some other specialness. 

Long after Boltzmann’s time, it was discovered 
that the Universe burst into being 13.82 billion 
years ago in a titanic explosion called the Big Bang, 
and that all the galaxies, including our Milky Way, 
congealed out of the cooling debris. This put the 
question of the origin of the arrow of time into 
sharper focus. Now it appeared that the Big Bang 


Above: You never see castles 
un-crumble, which puzzles 
physicists 

Right: The Universe’s matter 
rapidly expanded after the Big 
Bang took place 


must have been in a highly ordered and special 
state. Again, this is something that physicists find 
equally difficult to stomach. 

Another logical possibility is that the Universe 
goes from order to disorder. This is not because it 
was super-ordered in the past, but because there is 
an infinite scope for increasing disorder in the 
future. This possibility has been pointed out by 
physicists Sean Carroll and Jennifer Chen of 
the California Institute of Technology in 


"We never see eggs unbreak, 
people grow young and castles 
un-crumble. But why vie do not Isn’t 
as obvious as it might seem” 
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Pasadena. One popular theory of the origin of 
the Universe is called eternal inflation. Here, 
the Universe keeps spawning baby universes, which 
in turn spawn their own baby universes, and so on. 
Carroll and Chen contend that this ensures the 
Universe becomes ever more complex and 
disordered, so there will always be scope for 
increasing disorder. 

What the super-ordered past and the 
super-disordered future have in common is they 
are, respectively, 'initial’ and 'final’ conditions 
imposed on the laws of physics. But what if the 
laws of physics themselves actually impose an 
arrow of time? In research published in October 
2014, Barbour and his colleagues made an 


Top: The Big Bang may have 
spawned two different universes 

Above: A simulation of 1,000 
particles floating in space. The 
central image shows the start 
point. The other images show the 
two possible future scenarios 


unexpected discovery suggesting that this 
could indeed be the case. 

Barbour’s team simulated 1,000 massive particles 
floating in space. In previous work, other physicists 
have discovered that such a group of particles, 
influenced only by the mutual attractive force of 
gravity, will tend to cluster in small groups after a 
long period of time. These are generally seen as 
pairs of masses, orbiting each other. Barbour and 
his colleagues used this as their starting point and 
were able to simulate what would happen to their 
1,000 particles, but crucially without any reference 
to time. They were aided by a special formulation of 
physics known as 'shape dynamics’. Here, it is only 
the shape of a configuration of particles that is 
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"The key feature of the model is 
that every single solution has two 
oppositely pointing arrows of time” 

Dr Julian Barbour from the University of Oxford on the arrow of time 



Dr Juiian Barbour (left) carried 
out the simulations of 1,000 
particles, which suggested 
another universe 


important rather than their absolute separation. 

In shape dynamics, the ratio of the greatest 
distance between particles to the smallest can be 
taken as a measure of complexity. 

Barbour’s team found that, in pretty much 
every starting configuration, the cluster went 
through a state of maximum compactness and 
minimum complexity, which they associated with 
the Big Bang. Crucially, from this state, the 
collection of particles could evolve in two ^ 
possible ways. “The key feature of the model Hi 


TIMEMELLERS 

If the Universe ever contracts to a point, it 
could explain the mystery of dark matter 


IF THE REASON things get more disordered is that 
the Big Bang was in an ordered state, then this leads 
to a oonolusion: oups break and eoffee grows oold 
beoause distant galaxies are flying away from us in the 
aftermath of the Big Bang. It is the ultimate oonneotion 
between the everyday and the oosmio. 

So what would happen if oosmio expansion were 
to one day run out of steam, and the Universe started 
eontraoting down to a Big Crunoh? The answer is that 
the Universe, rather than getting more disordered, 
would get more ordered. In suoh a oiroumstanoe, 
as pointed out by Thomas Gold of Cornell University 
in 1958, time would run baokwards. 

This has prompted an outrageous suggestion for 
the identity of the Universe’s dark matter. Dark matter 
outweighs the visible stars and galaxies by a faetor of 
about six and reveals itself through its gravitational tug 
on the visible stuff. In 2000, Lawrenoe Sohulman of 
Clarkson University in New York showed in a oomputer 
simulation that stuff with a normal arrow of time oould 
oo-exist with stuff with baokward arrow. Just as 
stuff with a normal arrow of time oan survive into the 
eontraotion phase of the Universe, reverse-time stuff 
from the eontraotion phase oan survive into our phase. 

What would this stuff look like? If the Universe ever 
makes the transition from expansion to eontraotion 
it is likely to happen at least 100 billion years in the 
future. By this time, most of the stars will have burnt 
out. So any relies from the future surviving into our 
expanding Universe will give out no light. They will 
appear, aoeordingto Sohulman, just like dark matterl 
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After the Big Bang, the Universe started expanding and is getting more disordered, 
if it contracts in a Big Crunch, time wouid run backwards 
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is that every single solution has two 
oppositely pointing arrows of time/’ says 
Barbour. “This is an entirely new result/’ he 
explains. “All other proposed solutions for the 
existence of an arrow of time of which I am aware 
require special initial, final or two-time conditions 
to be added to the law.” 


THE OTHER SIDE 

This research suggests that we live in one Universe, 
but there is another 'on the other side of the Big 
Bang’ where time goes backwards relative to us. In 
this picture, the Big Bang is not the beginning of 
the Universe, as everyone imagined, but merely the 
mid-point in its life. The doppelganger universe 
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Some key laws of physics can all be 
explained by a smashed mug 


HOW DO FUNDAMENTAL laws that make no 
distinction between processes happening in 
one direction of time compared to another 
result in an everyday world where things 
happen in only one direction? The answer 
was discovered by the 19th Oentury physicist 
Ludwig Boltzmann. 

Imagine a mug. There is only one way it can 
be intact, but there are a huge number of ways 
it can be broken. For instance, it can be in one 
big fragment and 10 smaller fragments, or two 
big fragments and seven smaller fragments, or 
two big fragments and dozens of dust-sized 
fragments. And so on. Now, if all possibilities 
are equally likely, it is overwhelmingly probable 
that the mug will go from being intact to being 
broken. It is not impossible that the broken 
fragments will leap back together to make an 
intact mug, but it’s so unlikely that you would 
probably have to wait many times the current 
age of the Universe to see it happen. 

What characterises all the changes we see 
around us - from mugs breaking to castles 
crumbling and people growing old - is a 
transition from order to disorder. It is this 
transition which sets the direction of the 
thermodynamic arrow of time. In physics, 
disorder goes by the technical name of 
‘entropy’. And one of the most famous laws in 
physics - the Second Law of Thermodynamics 
- says that “entropy never decreases’’. These 
words are even inscribed on Boltzmann’s 
headstone in Vienna. 

It is highly unlikely that these 
pieces will jump back together 
again... but it’s not impossible 
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Above: The way particles interact with 
one another was used to show that 
there could be two universes 




"This is an important step forward 
in our understanding of the time 
asymmetry of the Universe” 

Dr Lee Smolin of Ontario’s Perimeter Institute discusses Barbour’s research 



will appear to its inhabitants just as our expanding 
Universe appears to us, though with different 
galaxies and stars. The expectation might be that if 
we could see our twin universe, everything would 
be going backwards - like a film in reverse. But 
Barbour says it’s impossible to say if this would be 
the case. “Our model is very simple and we would 
have to 'add’ light so that observations can be made 
and questions like this answered.” 

In Barbour’s team’s scenario, the law of gravity 
both imposes an arrow of time and doesn’t. 
Although the inhabitants of each universe 
experience an arrow of time, the two arrows are 
opposite and cancel each other out overall. The 
source of the direction of time appears to be the law 
of gravity. This is very unexpected because the law 


of gravity is time symmetric. “This feature has 
been sitting [unnoticed] inside Newtonian 
gravity ever since the first evidence for it was 
discovered by [Joseph-Louis] Lagrange in 1772!” 
states Barbour. 

“This is important in our understanding of the 
time asymmetry of the Universe,” says Dr Lee 
Smolin of the Perimeter Institute. “I don’t think 
it’s the whole story. But it’s a major insight.” 

Barbour’s model is a simple one that employs 
only Newtonian gravity. However, our Universe 
is orchestrated not by Newtonian gravity but by 
Einstein’s more complicated General Theory of 
Relativity. Nevertheless, the physicists say that 
the features of Newtonian gravity which lead to 
their result are also present in Einstein’s theory. 

Barbour cautions that all his team has shown is 
that there’s a gravitational arrow of time - that is, 
a direction of time naturally emerges in a system 
subject to Newtonian gravity. He believes, 
however, that it will be possible to show that the 
“thermodynamic arrow of time” - which governs 
everyday life and causes cups to break and people 
to grow old - is a natural consequence of the 
gravitational arrow of time. Watch this space. ■ 


MARCUS CHOWN is a science writer and broadcaster 
whose most recent book is What A Wonderful World 
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NASA’S DAWN MISSION IS SCHEDULED 
TO ARRIVE AT CERES THIS MONTH. 
COLIN STUART REVEALS HOW OUR 
UNDERSTANDING OF THIS INTRIGUING 
DWARF PLANET HAS EVOLVED OVER TIME 
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ICTURE THE SCENE: Italy, 

1 January 1801. Most of the 
population are ringing in the new 
year, but Giuseppe Piazzi is 
scanning the skies with a telescope. 

For the previous few decades, 
astronomers had noticed 
a sizeable gap in the Solar System 
between the orbits of Mars and 
Jupiter. Some had even predicted 
a missing planet in the region. 
That night, Piazzi found it. Our 
neighbourhood’s new addition was 
christened Ceres, after the goddess of 
agriculture. The number of known planets 
nudged up by one - at least temporarily. 

At 950km across, and sitting 2.8 times 
further away from the Sun than the 
Earth, today we know that Ceres is the 
largest body in the asteroid belt - 
the group of small, rocky objects 
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The Delta II rocket 
launched the Dawn 
spacecraft in 
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tumbling around the Sun between 
the inner and outer planets. Ceres 
makes up around 25 per cent of the entire 
mass of the belt. Even today, the debate 
still rumbles over what to call it. After 
Piazzi’s discovery, it was labelled by some 
as a fully fledged planet. It remained that 
way in a number of scholarly texts for over 
50 years. It then spent the 20th Century 
as simply the largest asteroid, and is still 
considered one today. In 2006 came yet 
another revision. The decision by the 
International Astronomical Union that 
saw Pluto demoted from a planet to a 
dwarf planet saw Ceres gain the same 
status. Ceres remains the only dwarf 
planet in the inner Solar System - the rest 
orbit further out than Pluto. 


CLASS WARS 

It is easy to see why Ceres and its 
flip-flopping classification continues to 
attract attention from astronomers: its 
true nature needs nailing down once and 
for all. Until recently, our best images of 
Ceres came from the Hubble Space 
Telescope. Over 200 images were snapped 






Above: In this artist’s 
impression, Ceres is seen 
in the foreground, looking 
towards the Sun and the 
inner planets 



Dawn visited this asteroid before 
continuing its mission to Ceres 


VESTA iS BOTH the second and 
third biggest asteroid, depending 
on how you classify size. At 
525knn in diameter, it is smaller 
than Ceres and Pallas. However, 
only Ceres is heavier. 

Vesta was detected on 29 
March 1807 by Heinrich Olbers, 
almost five years to the day after 
he discovered Pallas and six 
years after Piazzi spotted Ceres. 

Vesta’s surface sports two 
enormous craters named 
Rheasilvia and Veneneia. The 
former covers 95 per cent of 
the southern pole and takes its 


name from the mother of Rome’s 
founders, Romulus and Remus. 

As well as craters, the 
surface of Rheasilvia features 
long troughs. The largest - 
Divalia Fossa - measures 
465km, which is longer than the 
Grand Canyon. 

Vesta is one of only five 
Solar System bodies that we 
have samples of here on Earth. 
These arrived via meteorites. 

The others are from Mars 
(meteorites) and missions to the 
Moon, the comet Wild 2 and the 
Itokawa asteroid. 


50 /FOCUS /APRIL 2015 




SPACE 


The Dawn mission should help olear 
up this dwarf planets identity crisis 


CERES IS THE smallest of five 
currently recognised dwarf 
planets. The others, from 
biggest to smallest, are Erls, 
Pluto, Makemake and Haumea. 

A total of 24 astronomers 
(known as the ‘celestial police’) 
were searching between Mars 
and Jupiter for planets at the 
turn of the 19th Century. But it 
was Giuseppe Piazzi, not one of 
them, who found Ceres in 1801. 

Dawn will orbit Ceres at a 
, height of 5,900km. After five 


months it will be lowered to 
1,300km, then drop to 700km 
after a further five months. 

Being small, Ceres’s gravity 
is only 3 per cent of Earth’s. 

Such low gravity makes it an 
ideal target for human space 
exploration as it is easy to take 
off again from its surface. 

Ceres is located almost three 
times further away from the Sun 
than us, so it will take over 20 
minutes for data from the dwarf 
planet to be relayed to Earth. 

j 



in an observing run between December 
2003 and January 2004. The photos 
revealed an almost perfectly round, 
planetesque form - strikingly different 
from the asteroids with their jagged, 
irregular shapes. From its density and 
rotation rate it seemed plausible that, like 
a rocky planet, Ceres has layers. These 
constitute a rocky core, an icy mantle and 
an outer crust. The debate intensified. 

The view from Hubble was intriguing, 
but could only take us so far. “Hubble’s 
resolution is good, but it wasn’t telling us 
everything we wanted to know,” says 
Dr Carol Raymond, from NASA’s Jet 
Propulsion Laboratory in California. 

Enter NASA’s Dawn mission, for which 
Raymond is deputy principal investigator. 

Dawn was launched in September 2007. 
By July 2011 it had reached Vesta, which is 
one of Ceres’s large neighbours in the 
asteroid belt. It spent over a year in situ 
before departing in September 2012 with 
a course set for Ceres. It is the first craft 
designed to go into orbit around two Solar 
System bodies. Earlier this year, on 25 
January, it edged close enough to Ceres 
for its cameras to exceed the clarity of 


"Planetary scientists 
generally think the 
planets were made 
out of smaller pieces. 
Is Ceres one of those 
building blocks?” 



Prof Christopher Russell is the prineipal 
investigator of the Dawn mission 


Hubble’s view for the first time. The 
mission plan was for it to enter into orbit 
around Ceres on 6 March 2015. Once 
there, it is set to spend almost a year 
trying to unlock its secrets. 

EARLY ORIGINS 

As Ceres is such a unique object in the 
asteroid belt, one of the main goals is to 
work out its origins. One theory is that 
there were once many more objects like it, 
but over time they came together under 
gravity to form the rocky inner planets. 
Ceres was left out in the cold. 

“Planetary scientists generally think 
the planets were made out of smaller 
pieces. Is Ceres one of those building 
blocks?” asks Dawn’s principal 
investigator Prof Christopher Russell. 

A more extreme option is being 
considered by some astronomers: Ceres is 
an imposter. The suggestion is that its 
uniqueness in the asteroid belt is because 
it didn’t actually form there. Instead, they 
say, it began life out beyond Neptune in 
the Kuiper Belt - the same region of 
the outer Solar System in which 
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The craft is full of innovative tech to help it complete the mission to Ceres 


THE DAWN MISSION is part of NASA’s Discovery Program, which 
seeks to unlock the mysteries of our Solar System. The programme 
launches lots of smaller space trips to work in harmony with NASA’s 
larger and more expensive ‘flagship’ missions. Dawn combines 
cutting-edge technology from other missions with spare parts and 
apparatus from earlier space trips. 



2 




Star tracker 

Dawn is able to orientate itself 
in space by using its two star 
trackers to keep watch on its 
position relative to fixed stars 


Two 5.5kg cameras will snap 
close-up images of Ceres 
throughout the mission. The 
images will then be sent to Earth 


Spectrometer 

By gathering sunlight reflected 
by Ceres, scientists can 
calculate various values such 
as its surface temperature 


Gamma ray and 
neutron detector 

This can help determine 
which elements comprise the 
surface of Ceres 



Three high-tech ion thrust units 
allow for greater manoeuvrability. 
Dawn has been able to visit Vesta 
and Ceres in one mission 


The Dawn spacecraft has four 
antennas which can be used to 
communicate with Earth. The 
longest is 1.52m in length 


Solar panels 

The ion thrusters are powered by 
energy gathered through Dawn’s 
solar panels. When extended they 
make the probe almost 20m wide 


L 
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‘The Herschel Space 
Telescope spied 
a cloud of water 
vapour around the 
dwarf planet” 


• Pluto resides - before drifting to its 
current location. That would mean 
Ceres and its dwarf planet cousins have 
more in common than just a name. 

So which is it? Some clues have already 
been gleaned from Dawn’s initial stop at 
Vesta. “We chose Vesta because it was 
thought to be the parent body of the HED 
[howardite-eucrite-diogenite] meteorites 
which are very ubiquitous in our 
collection,” says Raymond. Chemical 
analysis using Dawn’s instruments 
confirmed that suspicion. In situ 
measurements of Vesta were conducted 
alongside detailed lab studies of the HED 
meteorites. The results pointed to a swift 
beginning. “It seems Vesta formed very 
quickly, perhaps within the first million 
years of the Solar System,” says Raymond. 

The key is a radioactive isotope of 
aluminium, known as aluminium-26. This 
isotope is known to have been present in 
the early Solar System, but decays over 
time. As Vesta formed early, it was able to 
gather up a significant amount of 
aluminium-26. The decay happened inside 
the asteroid, and the heat produced 
helped govern its geology. By comparing 
the structures of Vesta and Ceres, it 
should be possible to estimate when the 
latter formed. The older it is, the more 
likely it formed in its current location and 
not in the outer Solar System. 


WATER PROBLEM 

Another important indicator is the 
movement of water, or lack of it. From 
measurements of its density, it is thought 



Could the white spot on Ceres be a geyser? 



Italian astronomer Giuseppe Piazzi discovered Ceres in 1801 


that H^O accounts for around 30 per cent 
of Ceres’s mass. It is likely that in the past 
some of this water was liquid (perhaps 
heated by decaying aluminium). As this 
liquid moved around, it would have come 
into contact with layers of silicate 
material and would have altered them 
chemically. The extent to which this 
happened depends on where Ceres 
formed. If it formed in the colder, outer 
Solar System, the frigid temperatures 
would have meant the water was more 
restricted. That would lead to fewer signs 
of interaction between water and rock. 

Wherever Ceres came from, there are 
recent clues that not all of its water is 
constantly frozen. In early 2014, the 
Herschel Space Telescope spied a cloud of 
water vapour around the dwarf planet. It 
was the first time that water had been 
found in the asteroid belt. And wherever 
there is liquid water, thoughts inevitably 
turn to the possibility of life. A tantalising 
clue to the possible source of that water 
came in January this year as Dawn began 
its approach to Ceres. Images from the 
probe revealed a white spot on its surface. 
The same spot appeared in the Hubble 



From left: Earth, 
Ceres and the Moon 


images over a decade ago. Some 
researchers have suggested it could be a 
geyser that is shooting jets of water into 
space as heat from the Sun warms the ice. 
That would make it similar to Saturn’s 
moon Enceladus, which is known to be 
spewing water and is a heralded place to 
look for life in our Solar System. 

So the stakes are high. Depending on 
what Dawn finds, we could look back at its 
arrival at Ceres as the first time the 
asteroid belt became a viable place to 
search for extraterrestrial life. This year 
could be a watershed moment in our 
understanding of planets. Not only is 
Dawn exploring Ceres, but later this year 
NASA’s New Horizons mission will arrive 
at Pluto. “We’ll start to get a much more 
nuanced view of the evolution of bodies in 
the Solar System,” says Raymond. “Rather 
than starting with stuff and ending up as 
a planet, we’re starting to see it more as a 
spectrum of stages in-between.” 

We’ll soon know how Ceres and Pluto 
fit into that picture. What’s certain is that 
the dwarf planet debate is far from over. ■ 


COLIN STUART is an astronomy writer and 
co-author of The Big Questions In Science 
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Edzard Ernst has published a book 
about his career as an investigator of 
alternative medicine. He tells Graham 
Southorn about his life and work... 





How would you define 
alternative medicine? 

There is not a good definition 
because it is an umbrella term for lots 
of treatments that have very little to 
do with each other. I think of it as 
anything outside mainstream 
medicine, except for experimental 
treatments such as high-tech 
cancer therapies. 

You were Chair in 
Complementary Medicine at the 
University of Exeter - what did 
your job involve? 

It was entirely research-based - we 
did rigorous research into the ethics, 
safety and cost effectiveness of these 
[alternative] treatments. We also 
wanted to further analytical and 
critical thinking in this area, because 
I thought that was badly needed. 

Did you encounter resistance? 

I quickly realised that alternative 
practitioners weren’t enchanted by 
my mission statement. They see 
themselves as anti-establishment and 
they don’t like science. I’m a 
conventional doctor by training, so 
there were tensions, and some made 
my work difficult. But for the first 10 
years or so, it went swimmingly. 

What was your biggest 
achievement? 

One is that, paradoxically, I gave a lot 
of credibility to the field of 
alternative medicine. It became 
something that even sceptics would 
consider when they saw there was 
research going on that was truly 
questioning, rather than trying to 
prove hypotheses. The other is that 
we produced a lot of results. We 
published over 1,000 papers, 40 
clinical trials and 300 meta-analyses. 
Even by producing negative results I 
was doing something positive. I was 
telling people, “You can keep your 
money for this remedy and look for 
something that’s actually helpful for 
treating your symptoms.” 

Are any alternative medicines 
effective? 

Yes - the area where we found most 
of the positive results was herbal 


medicine. Lots of our drugs originate from 
the plant kingdom, so it’s not really 
surprising. The best example within that 
realm is St John’s wort, which is at least as 
effective as conventional treatments for 
mild-to-moderate depression. This is just 
one of several examples. I was once called 
a “quackbuster” in The Times, and that 
annoyed me a bit. So I published an article 
in the British Journal Of General Practice 
covering about 20 treatments which, 
according to our studies, are worth having 
on the NHS. 

What’s the strangest therapy you’ve 
come across? 

If you locked up 10 intelligent people in a 
room and said “I will only let you out once 
you have come up with the oddest 
therapeutic concept you can possibly 
imagine,” you couldn’t beat homeopathy. 
It’s just one of the oddest things to believe 

"St John’s wort is 
at least as effeotive 
asoonventional 
treatments for 
mild^o-moderate 
depression" 



that like should cure like, and that diluting 
a drug makes it more effective. Spiritual 
healing - healing with some sort of divine 
energy channeled into the body of the 
patient - is just as odd. And there’s 
reflexology, which assumes that there’s a 
map on the soles of your feet representing 
the organs of your body, and that by 
pressing on certain spots you can influence 
the function of these organs. 

How important is the placebo effect? 

It explains why these treatments are 
apparently so effective. People who use 
homeopathy are not stupid. They perceive 
some benefit from it - people have the 
expectation of getting better and therefore 
they do get better. If a patient is suffering 
from a cold and I give them a homeopathic 
placebo, that patient might indeed benefit. 
But if I give that patient my understanding, 
empathy and time plus something that 


actually worked, like Ibuprofen, the 
patient benefits from the placebo effect 
plus the specific effect of the 
Ibuprofen. In other words, just giving 
a placebo is cheating the patient. 

What would your advice be to 
someone who is considering 
alternative medicine treatment? 

It’s not very prudent to generalise - it 
depends on what condition that person 
wants to treat and what treatment he 
or she is proposing to use. But as a rule 
of thumb, if it sounds too good to be 
true, it probably is. 

Should there be more research 
into alternative medicine, given 
that £1.6bn is spent on it a year? 

I think that estimate of £1.6 billion is 
more than 10 years old! We spend all 
this money on treatments and very 
little on research so, yes, some that are 
biologically plausible should be better 
researched. But there are others, like 
homeopathy, where the basics are 
totally implausible. The evidence, 
despite 200 years of research, is not 
good enough to invest in further 
studies. With herbal remedies and 
perhaps even acupuncture, further 
research might be quite useful. 

So acupuncture works? 

Acupuncture is interesting and the 
data is still highly conflicting, but it 
might be useful for certain types of 
pain. Even the NICE (National 
Institute for Health and Care 
Excellence) guidelines recommend it 
for the treatment of chronic back pain, 
which indicates that the evidence is at 
least promising. Further research is 
needed to determine whether it is 
entirely reliant on the placebo effect. 

What are you working on now? 

I give lectures, I write a blog at 
edzardernst.com and I’ve just started 
on my next book with a co-author, 
which will focus on homeopathy. ■ 


I 
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I tossed in the bin 'improved’ our lives. Global plastic 
production soared from 1.5 million tonnes in 1950 to 
nearly 200 million tonnes in 2002. Today, it’s reachec 
the 300 million tonne mark. 

Reports of ocean garbage patches suggest that much of that 
plastic eventually ends up in our seas. But the reality is much 
worse, says Marcus Eriksen, one of the co-founders of — 

5 Gyres, the organisation that studies plastic pollution in ^ 
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O the seas. “We should look at these 
not as garbage patches, but as 
clouds of microplastics in the world’s 
oceans,” he says. 

Microplastics is the technical term for 
tiny pieces of plastic. These are the 
remnants of throwaway living that have 
leaked into every ocean. Take a boat out 
far enough and you’ll witness - as Eriksen 
has - bottles, toy figurines, roller balls 
from underarm deodorants and thousands 
of plastic sandals all floating around in 
the sea. But microplastics are so finely 
shredded by ocean currents that they’re 
impossible to spot from a boat and are 
easily mistaken for food by sea creatures. 

One of Eriksen’s recent studies, 
published in December 2014, suggests that 
at least five trillion pieces of plastic, 
altogether weighing in at over 268,000 
tonnes, are floating around near the 
surface of the sea. An incredible 92 per 
cent of the pieces are microplastics. But 
these numbers don’t tally with the volume 
of plastic we’re producing. A second study 
published a week later explains why. 

While a lot of plastic initially floats, it 
soon gets clogged up with various kinds of 
gunk and ends up sinking to the seafloor. 
Just one handful of deep-sea sediment 
could contain up to 40 pieces of 
microplastic. At depth, this stuff is 
difficult to reach, let alone clean up. 

Which leaves us with one question: what 
are we going to do about it? 

ALL AT SEA 

A project called The Ocean Cleanup has 
been testing floating platforms for 
collecting bigger bits of plastic, but their 
own feasibility study suggests they cannot 
deal with microplastics. According to 
Eriksen, we’ll have to live with what’s 
already out there. “It’s going to sink, it’s 
going to get buried, it’s going to fossilise,” 
he says. “There’s no efficient means to 
clean up 5km down on the ocean floor.” 

No one really knows what damage all 
that stranded microplastic is doing, but 
the hope is that once it’s mixed up with 
the sediment, it’s doing less of it. Yet the 
clouds of microplastics swirling in the 
water column pose a problem. The debris 
is easy for marine life to swallow, but the 
gunk that the plastics collect - such as 
pollution and bacteria - are also a threat. 
Plastics could be accelerating the passage 
of toxic chemicals into the food chain. 

In May 2014, chemist Alexandra Ter 
Halle joined the Seventh Continent 
Expedition to the north Atlantic Ocean 
with the aim of analysing the gunk. After 
two days at sea, the boat was surrounded 
by thousands of small pieces of plastic. 





‘The difficulty is that 
there are so many 
plasticsp of different 
colours, shapes and 
compositions” 


Alexandra Ter Halle, from the Seventh 
Continent Expedition 
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The plentiful plastics in our seas 


1 

NURDLES 

Millimetre-sized plastic pellets used 
for making plastic products are 
frequently spilled into the oceans 
during shipping 



FISHING GEAR 

Buoys and nets are long-lasting and 
common ‘big plastic’ finds. Animals 
often get entangled in them - this is 
known as ‘ghost fishing’ 



MICROBEADS 

Tiny beads used in toiletries are too 
small to filter from water. They enter 
the food chain when eaten by animals 



SINGLE-USE ITEMS 

Plastic bags, cups, bottles and forks 
are often not recycled and eventually 
end up in the sea 



SHIPPING WASTE 

Cargo ships dump - or lose - millions 
of tonnes of waste every year 



FABRIC FIBRES 

Washing machines send synthetic 
clothing fibres, such as polyester, into 
water systems 





Ter Halle collected samples and is now 
analysing her data back at Paul Sabatier 
University in Toulouse, France. She is 
trying to work out why some plastics 
attract pollution as they age. “The 
difficulty lies in the fact that there are so 
many plastics, of different colours, shapes 
and compositions,” she says. “It’s difficult 
to extract a trend from all those pieces.” 

The various types of plastic aren’t just a 
dilemma for scientists; they’re also 
problematic for consumers and recyclers. 
How many times have you wondered into 
which box to put a plastic lid or some 
flimsy bit of packaging, then ended up 
trashing it because you weren’t sure? 


NOTHING NEW 

Ter Halle agrees there’s no easy way of 
cleaning up the existing mess. The 
answer, instead, is prevention. She says 
that switching to biodegradable plastics 
could offer part of that solution. While the 
first generation of biodegradables just 
broke down into smaller pieces, the 
second generation may have some utility. 
Ter Halle suggests that they could, for 
instance, be handy for shopping bags. 

Yet Prof Richard Thompson, a marine 
biologist at Plymouth University, believes 
that the very notion of biodegradable 
plastic is flawed. “The idea that you could 
build into a plastic some kind of magic so 
that it would fulfil its life in service 
without deteriorating and then, the 
minute it becomes an item of litter, it 
somehow rapidly and harmlessly 
degrades... it kind of seems like 
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The Ocean Cleanup project (top and above) has been testing 
floating platforms to remove large pieces of plastic 

© you’re aspiring towards the 

impossible,” he says. According to 
Thompson, another problem with 
biodegradable plastics is mixing them 
with other plastics as part of the recycling 
process. The lifespan of the final recycled 
product is shorter than a product 
containing no biodegradable plastic. 


CLOSING THE LOOP 

Thompson is one of the authors of the 
second December 2014 study. Having 
uncovered the true extent of microplastic 
pollution in seafloor sediment, he wants 
to see an end to plastic entering the ocean. 

So does he have an answer? He recently 
attended a workshop in Portugal involving 
over 50 people from around Europe, 
including scientists, policymakers and 
industry types eager to offer ideas for 
solving the problem. But there was a 
shortage of cutting-edge solutions. “From 
my perspective, there was nothing new 
from any of the participants,” he says. “A 
range of solutions are known to us, but it’s 
more about translating that into action.” 

One option is banning certain types of 
plastics for particular applications, such 
as the plastic microbeads used in facial 
scrubs and toothpastes. These tiny 
particles - often measuring less than 1mm 
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At least five trillion 
pieces of plastic are 
floating in our seas. 

The majority are 
microplastics measuring 
under 5mm. These maps 
show the density of 
different sized plastics in 
each square kilometre of 
the Earth s oceans 
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- wash straight down the sink and are too 
small to be filtered out at the waterworks. 
Thompson and Eriksen are both in favour 
of this approach, with 5 Gyres supporting 
a Beat the Microbead campaign that was 
started by the Plastic Soup Foundation. 
But it’s not enough. Eriksen says that 
industry has got to be made to take 
responsibility for the way it uses plastic. 
“Using it for single-use candy wrappers, 
[potato] chip bags or stir sticks is just not 
responsible,” he says. “What I suggest is 
that if the producer or manufacturer 


cannot guarantee very efficient recovery 
of their product, like with some 
redemption programme or coupon, it had 
better be environmentally harmless.” 

To dramatically reduce the amount of 
plastic accumulating in the oceans, the 
loop’ of producing and recycling plastics 
would have to become a closed one. This 
means that any material leaving the 
system as waste would enter it again as a 
renewable resource. All plastic products 
would need to be designed with an end-of- 
life care package. In short, solving the 



plastic problem in the oceans means 
solving plastic pollution, full stop. 

Thompson gives the example of two 
empty plastic bottles in his office. Both 
are made from the same recyclable plastic, 
but one is worth at least six times less 
than the other, just because it is red. Clear 
plastic is far more valuable to a recycler, 
but manufacturers don’t think about this 
when they’re designing their products. 

We’re still living the throwaway 
lifestyle we got excited about in the 1950s, 
but we have to make that our past. ■ 

HAYLEY BIRCH is a science writer and author 
of The Big Questions In Science 

To listen to a Shared Planet 
V/ programme about the effeot of 
plastio on seabirds, visit 

http://bbc.in/1vbJsoC 
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Do you want a 
power-packed 
memory? 

The Amazing Experience of Robert Heap 



“Of course I place you! You’re Bob 
Humphries of Birmingham.” 

“If I remember correctly — and I do 
remember correctly — John Kershaw, 
the supermarket man, introduced me 
to you at the dinner of the Bowls Club 
three years ago in October.” 

The assurance of this speaker — in 
the crowded corridor of the Hotel 
Piccadilly — compelled me to look at 
him. 

“He is Dr. Bruno Furst, 
the most famous 
memory expert in the world” 

“He is Dr. Bruno Furst, the most 
famous memory expert in the world,” 
said my friend Keith Clark. “He will 
show you a lot more wonderful things 
than that before the evening is over.” 

And he did. 

As we went into the banquet room 
the toast-master was introducing a 
long line of guests to Dr. Furst. I got in 
line, and when it came my turn. Dr. 
Furst asked, “What are your initials 
Mr. Heap, your occupation and 
telephone number?” Why he asked 
this, I learned later, when he picked 
out from the crowd the sixty people he 
had met two hours before and called 
each by name without a mistake. 
What’s more, he named each person’s 
occupation and telephone number. 

“I can teach you 
the secret of a good memory in 
one evening” 

When I met Dr. Furst he rather 
bowled me over by saying: “There is 


nothing miraculous about my 
remembering anything I want to 
remember, whether it be names, faces, 
figures, facts, or something I have 
read. 

‘'You can do this as easily as I do. 
Anyone with an average mind can 
learn quickly to do exactly the same 
things.” 

\"~^^ranmtic Improvem^nt^^ 

“I used to be laughed at in the office 
here about my poor memory and I 
must admit with a lot of truth. Since 
' I started your Course my memory 

out of all recognition!” I 
J.W. Sullivan, London S. W.2. [ 

“That is alright for you. Dr. Furst,” I 
interrupted, “you have given years to 
it. But how about me?” 

“Mr. Heap,” he replied, “I can teach 
you the secret of a good memory in one 
evening. This is not a guess, because I 
have done it with thousands of pupils. 
In the first of twelve simple lessons 
which I have prepared for home study, 
I show you the basic principle of my 


‘‘Examination Success” 

“Excellent examination results have been 
sound enough proof to carry on adopting 
your technique for the rest of our lives.” 

Mr. S.N. Caldwell, Huddersfield, 
Yorkshire. 


whole system, and you will find it just 
like playing a fascinating game. I will 
prove it to you.” 

He didn’t have to. His Course did; I 
got it the next day. 


When I tackled the first lesson, I was 
surprised to find I had learned — in 
about one hour — how to remember a 
list of one hundred words so that I 
could call them off forward and back 
without a single mistake. 

Dr Bruno Burst’s Course is fantastic! 
I can rely on my memory now. I can 
recall the name of anyone I have met 
before — and I keep getting better. I 
can remember any figures I wish. 
Telephone numbers come to mind 
instantly. What’s more my 
concentration has improved. 

y ^^Best InvestmeiiJ^^"" 7 

“It is the best investment I have ever made. \ 
Why is it so cheap? The Course, apart from 1 
being so instructive, is easy to read and ( 

I entertaining.” / 

\ Mr P.R. Jordan, (S Jii^ ^s Officer)} 

My advice to you is don’t wait 
another minute. You could be 
astounded to learn what a wonderful 
memory you have got. Your dividends 
in both business and social 
advancement could be enormous. 

ROBERT HEAP 

FREE DETAILS 

Full details of Dr. Burst’s easy-to- 
follow method for developing a 
powerful memory are contained in 
a free information pack. To obtain 
your copy just use one of the 
contact methods shown on the 
coupon below or visit our website 
www.youcanremember.com. 


FREE INFORMATION PACK AND 
BOOKLET AVAILABLE 

For your copy visit our website at 

www.youcanremember.com 

or call us with your details FREE on 
0800 298 7070 quoting Focus Magazine 


j To: Memory and Concentration Studies j 
I Freepost FOM25T, Stockport, Cheshire SK6 6YA. i 

I Please send me your FREE Memory information pack and booklet. | 

I Name | 

I Address ■ 

[ Postcode [ 

I Email: FOM25E@youcanremember.com i 

I Please include your full name and postal address I 




0 TIM REES. CANTERBURY 

How can you 3D print a person? 


TWINKIND’sSD printers 
create perfect replicas of 
individuals - Andreas Kroker’s 
‘mini me’ is on the left 


I [a) pictured here is Andreas 

Kroker, a customer of German 
3D-selfie firm TWINKIND. To 
produce such a 'mini me’, the subject 
stands in a large 3D scanner. An 
assembly of high-resolution cameras 
instantly captures over a hundred 
images of the person from multiple 
angles. On the computer, the subject 


can be viewed in 3D, rather like in the 
movie The Matrix where Keanu Reeves 
appears suspended in time. Then comes 
a process a bit like Photoshopping, but in 
multiple dimensions. A technician tweaks 
the digital 3D model to remove any 
blemishes or errors 
from the scanning 
process and to 


touch up the image. Then, a specialist 
industrial grade 3D printer builds up 
the figure by spreading coloured 
powder in layers. As it goes along, a 
precise inkjet applies a binding 
polymer to hold it all together. The 
printer combines uncanny accuracy 
with pretty impressive scale, offering 
prints up to 35cm tall. GM 
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Q&A 



LOUIS ROGERS, BY EMAIL 

Why do we laugh 
when tickled? 


E> TICKLING AFFECTS THE same 
unmyelinated nerve fibres that carry 
pain signals, and our most ticklish parts 
are vulnerable spots, such as our 
neck, abdomen and armpits. 
Laughing for joy, amusement 
and tickling all activate 
brain areas controlling 
facial and vocal reactions, 
but only tickling activates 
the hypothalamus, 
which is an area that 
anticipates pain. It’s 
possible that tickling 
is interpreted as 
a threat and the 
laughter is a social 
signal of submission to 
prevent us from getting 
hurt or to defuse a scary 
situation. SB 



0 VICKY GILL, CHICHESTER 

What makes US trust 
some faces over others? 

Ef SIMPLE FACIAL FEATURES 
will contribute to how much 
we trust someone. Experiments 
show that faces with higher inner 
eyebrows, pronounced cheekbones 
and a wide chin are judged as more 
trustworthy. The amygdala, a 
structure associated with fear and 
other strong emotions, can respond 
to a face within 33 milliseconds 
(three-hundredths of a second). 

Volunteers were shown both 
real and computer-generated 
faces for such short periods that 
they did not consciously see them. 
Nonetheless, they could still make 
judgments of trustworthiness. 

This high-speed assessment 
makes sense in evolutionary terms 
since detecting threats or judging 
strangers as dangerous could be 
crucial to survival. So we should 
not be surprised if we get a feeling 
about someone before we’ve even 
recognised them. Even so, we 
should be wary. There is little 
evidence that people with high 
cheekbones and eyebrows really 
are any more honest. SB 


We wouldn’t trust a bloke with 
half a beard, no matter how 
high his cheekbones were 



||> ALEX ROUND, LONDON 

Why is there SO much 
empty space in an atom? 


E^alba landra, oxford 

How is the sex of some species 
determined by temperature? 


E> THE SIMPLE 
picture of an atom is 
of electrons whizzing 
around a central 
nucleus with 
nothing in-between, 
but this is quite 
misleading. Quantum 
theory reveals that 
although the electrons 
are most likely to be found 
at specific distances from the nucleus, 
the supposedly empty space around 
them is seething with so-called 'virtual 
particles’ constantly popping in and out 
of existence. RM 


E> TEMPERATURE-DEPENDENT 
sex determination is seen in most turtles 
and all crocodiles and alligators. The 
mechanism isn’t well understood, but 
one piece of the puzzle is the enzyme 
aromatase, which converts the male 
hormone testosterone into the female 
hormone oestrogen. This enzyme reacts 
very slowly at 25°C but much more 
quickly at 30°C, so females hatch out 
of eggs that are incubated at warmer 
temperatures. Which seems simple, 
except that in some species the females 
hatch out of the cooler eggs, and in 
others, males only hatch from eggs in 
a middle range of temperatures. LV 
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Embryonic stem cells can play the 
part of any cell at a moment’s notice 


|Q> HANNAH THOMPSON, NORTHUMBERLAND 

How do stem cells turn 
into specific types of cells? 


STEM CELLS ARE the 
ultimate substitutes in the 
processes of life, able to step in 
and play the part of specialist 
cells at a moment’s notice. 
Embryos are full of all-purpose 
'pluripotenf stem cells, but we 
all maintain a population of 
adult stem cells, whose more 
limited repertoire is used for 
repairing damage. Exactly how 
stem cells do all this is still being 
worked out. What is known is 
that they congregate in so-called 
niches, exposed to proteins that 
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communicate the condition 


of tissue around them. At key 
stages in the development of the 
embryo, or following disease or 
injury in adult organisms, these 
proteins activate the stem cells, 
switching on the appropriate 
genes for the specific role they’re 
required to play. Once their 
mission has been completed - 
for example, by providing fresh 
skin cells to repair a wound - the 
stem cell niche goes back to its 
monitoring role, awaiting the 
next call to action. RM 


MARK HERBERT, BY EMAIL 

Are there alternatives 
to road salt? 



‘Cheesing’ the roads just doesn’t have the same ring to It. 


SALT IS AN effective de-icer because 
sodium chloride lowers the freezing 
point of water and it’s fairly cheap. But 
it’s also corrosive and harms plant and 
aquatic life. In the US, local authorities 
have experimented with lots of other 
substances. Sugar beet juice, cheese brine, 
pig urine and calcium magnesium acetate 
made from fermented grass work well, 
but scaling up production to replace the 
2 million tonnes of road salt the UK uses 
every year wouldn’t be easy. LV 



Ef INSIDE THE SHOWER unit, 
cold water from your mains supply 
flows into a small plastic tank. Inside 
the tank is a heating element similar 
to the one found in a kettle, but four 
times more powerful at around IlkW. 
The water heats up almost instantly 
because only enough to maintain the 
flow is warmed at a time. There is 
also a safety cut-out should the water 
pressure fall too low. GM 
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lO CHARLOTTE TAYLOR, BOURNEMOUTH 



Ef LARGER POPULATIONS CREATE 
more chances for genetic mutations to 
occur, and this means more variations for 
natural selection to either favour or weed 
out. But in big populations, it takes longer 
for changes to spread. The fastest rate 
of evolution occurs when a population 
is split into isolated subgroups that can’t 
interbreed due to geographic or cultural 
barriers. Travel and communication have 


broken down many barriers, so our genes 
get blended together instead of splitting 
into subspecies. A 2007 study found that 
we are evolving about 100 times faster 
than at any other period in our history. 
But 'modern’ for an evolutionary biologist 
means the last 5,000 years. It’s too soon to 
tell how our evolution has been affected 
by the population explosion of the last 
few centuries. LV 



|Q> KEVIN O’BRIEN. CORK, IRELAND 

What makes some drunk people 
argumentative and troublesome? 


Can money bring 
you happiness? 

NO. IN FACT, a 2014 study at the 
University of California, Berkeley found 
that being very rich or very poor were both 
associated with higher levels of mental 
illness. This doesn’t necessarily mean that 
money (or the lack of it) drives you mad. 
The study found that those at risk of 
bipolar disorder and narcissistic 
personality disorder tended to be more 
proud of their achievements and more 
determined to pursue power at the expense 
of personal relationships. These are people 
who are more likely to make a lot of money, 
but if their personality disorder gets the 
better of them, they can also end up 
unemployed or bankrupt. Several studies 
have also looked at the long-term 
happiness of lottery winners and found 
that it didn’t improve much. Sudden 
wealth can actually prevent you from 
enjoying the simple things you used to, like 
hearing a good joke or watching TV. LV 



Ef IT’S DOWN TO the effect of alcohol 
on the brain. The prefrontal cortex is 
important for planning actions, setting 
priorities and inhibiting impulsive 
behaviour. Alcohol interferes with this, 
so people exert poorer judgment and 
worry less about the effects of their 
actions. They misinterpret people’s 
intentions and easily lose control of 
their anger. The variable effects of 
alcohol on the heartbeat can also be 
misinterpreted as a danger signal, 
leading to more anger. 


Low levels of serotonin and higher 
levels of dopamine are also associated 
with alcohol-induced violence - but not 
everyone is affected this way. Most at 
risk are those with poor anger control 
and little empathy. Expectation and 
upbringing are important. Adversity in 
early life can decrease serotonin levels, 
and drinking when young can damage 
the brain’s frontal lobes. People who see 
alcohol-fuelled violence as children are 
more likely to become argumentative 
and violent when drunk. SB 
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RANGE-R WALL-PENETRATING RADAR 


WHEN POLICE OFFICERS pursue suspects 
to a building, they have no way of knowing 
what awaits them inside - the suspects couid 
be hiding under the bed or waiting behind the 
door with a drawn gun. 

The company L-3 Communications tackies 
this probiem with a device caiied the Range-R, 
which is a handheid radar scanner that can 
peek through waiis and report the position of 
anything moving iocated inside. When heid 
against a buiiding, the Range-R emits powerfui 


radar puises. These can pass through waiis 
made of concrete, brick or wood, but not 
metai. Obstacies inside the buiiding reflect the 
waves of radar puises, which then return 
back to the Range-R. 

Moving ‘objects’ change the waveiengths of 
these radio waves, enabiingthe device to 
distinguish peopie from furniture and other 
items. The Range-R’s sensor is so precise that it 
even detects someone who is mereiy breathing, 
from up to 15m away. The device’s fieid of view 


covers 160 degrees, aiiowing it to scan both 
floors of a two-storey house in seconds. It is 
aiso a usefui piece of kit for firefighters or 
search and rescue workers, aiiowing them to 
safeiy check buiidings for trapped peopie. 

US authorities iike the FBI and the US 
Marshals have been using the scanner for the 
past two years, but this has come to iight oniy 
recentiy. So far, the US Marshais have spent 
$180,000 (£119,000) on the Range-Rs, with 
each device costing $6,000 (£3,966). 



O The lightweight 
Range-R is held 
against the wall of a building. 
It emits radar pulses that can 
pass through most materials. 


© The pulses will be 
reflected by all people 
and objects in the building. 
They are analysed as 
Doppler radar returns. 


O Within seconds, 
the Range-R device 
notifies the user of any 
people present, and can even 
detect their locations. 


O Even if an individual is 
not moving, they can 
still be ‘seen’. The Range-R 
can detect someone who is 
merely breathing. 
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Q&A 




1. Antonov An-225 

MTOW: 640 tonnes 
First flight: 21 December 1988 

Country of origin: Soviet 
Unlon/Ukralne 


2. Airbus A380-800 

MTOW: 590 tonnes 
First flight: 27 April 2005 
Country of origin: 

Multinational 


3. Boeing 747-8 

MTOW: 442 tonnes 
First flight: 8 February 2010 

Country of origin: USA 


4. Antonov An-124 

MTOW: 405 tonnes 
First flight: 26 December 1982 

Country of origin: Soviet 
Union 


5. Boeing 747-400 

MTOW: 397 tonnes 
First flight: 29 April 1988 
Country of origin: USA 


6. Airbus A340-600 

MTOW: 380 tonnes 
First flight: 23 April 2001 

Country of origin: 

Multinational 


7. Boeing 777-300 

MTOW: 299 tonnes 
First flight: 16 October 1997 

Country of origin: USA 



8. McDonneii 
Dougias MD-11 

MTOW: 273 tonnes 
First flight: 10 January 1990 

Country of origin: USA 


9. Airbus A350 


O JIM HAWES, EASTLEIGH 

How does Rosetta stay in orbit? 


Ef THE ROSETTA SPACECRAFT 
is orbiting a very small object in 
astronomical terms. Comet 67P/ 
Churyumov- Gerasimenko is only 4km in 
diameter and is irregularly shaped. This 
means the gravitational field of the comet 
is both small and irregular itself. To stay 
in orbit, Rosetta had to approach the 
comet gingerly. Every few days it fired its 
thrusters to turn it slightly towards the 
comet, effectively tracing out a smooth- 
cornered triangular trajectory around 


the comet. The effect of each burn was 
assessed to determine the extent and 
direction of the next burn and to help 
ascertain a more accurate value for the 
comet’s mass and gravitational field. 

As time went on, these burns became 
more predictable and the orbit was 
lowered to an elliptical shape that passed 
only 10km above the surface. Rosetta’s 
orbit is called a 'forced’ orbit because it is 
'powered’ and isn’t solely dependent on 
the comet’s gravitational field. AG 






_0_ GRAHAM LANGLEY, BERKSHIRE? 


Could we move polar 
bears to Antarctica to 
prevent their extinction? 


"Oh. I’ve eaten all the 
^ seals^etter-iJsp-pick 
^ up^-penguin’’-=----— 



MTOW: 272 tonnes 

First flight: 14 June 2013 
Country of origin: 

Multinational 


THIS JUST SWAPS one disaster boom, followed by a crash, as the local 

for another. In Antarctica, orcas and seals and penguins were hunted to 

leopard seals hunt in the water. None extinction. Even though the sea ice in 


of the other seals and penguins that live Antarctica is currently growing, climate 


10. Ilyushin 11-96 


there have evolved any defensive 


change is likely to affect the region in 



MTOW: 270 tonnes 
First flight: 28 September 1988 

Country of origin: Soviet 
Union 


behaviours while they are on the ice. If ways that will probably be just as bad 
polar bears were suddenly introduced, for polar bears as the shrinking sea ice 

there would be a brief population in the Arctic. LV 
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MICHAEL GATT, MALTA 

How do astronomers estimate how 
many solar masses a black hole has? 


Ef ASTRONOMERS CAN’T SEE a black 
hole directly, but they can study the stars 
that are orbiting around it. By carefully 
measuring the speed and the radius of 
these stars’ orbits, the astronomers can 
then use the laws of gravity to deduce 
the mass of the black hole. 

This technique has been applied to 
stars in orbit around the black hole at 
the centre of our Milky Way galaxy. It 
showed the black hole to be about 
three million times as massive as the Sun. 


By averaging the speeds of all the stars 
orbiting the central black hole in the 
Andromeda spiral galaxy (our nearest 
large galactic neighbour), astronomers 
deduced that it has a mass of about 30 
million of our Suns. 

Another technique uses a mathematical 
model of how material spirals into a 
black hole. By comparing observations 
of the energy emitted by this material to 
the model, astronomers can estimate the 
mass of the black hole. AG 


JESSICA MACKIN, BANBRIDGE 

Why don’t vultures get 
food poisoning from 
eating rotten meat? 


MARK BUCKMASTER, LEICESTER 

Why hasn’t evolution 
sorted out eye defects? 

Ef VISION DEFECTS SUCH as myopia 
(short-sightedness) aren’t caused by just 
one single gene. There’s some evidence 
that short-sighted people have a higher 
than average IQ, which may be because 
the same genes affect the eyes and brain. 
Vision defects often have environmental 
causes as well. Myopia is more common 
in people who do a lot of close-up work, 
have saturated fat in their diet and sleep 
with a light on. These are all relatively 
new in our evolutionary history. LV 



Yum. Delicious rotten carcass for tea! 


E» THE ACID IN a vulture’s stomach 
is almost 10 times as concentrated as 
ours. This destroys bacteria so efficiently 
that vulture droppings are actually 
more hygienic than the meat they eat! 
Vultures play an important role in the 
environment, by reducing the number of 
contagious bacteria such as botulism, hog 
cholera and anthrax. But a strong 
stomach isn’t enough by itself, 
because once bacteria have 
multiplied in a decaying 
carcass, they release 
chemical toxins that 
aren’t destroyed by acid. 

To counter this, vultures 
absorb the toxins directly 
through the lining of their 
throat and then neutralise 
them using antibodies 
present in their blood. LV 
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Q&A 


ALEX SUTHERLAND, BANFFSHIRE 

Does time exist in space? 

Ef TIME IS A COMPLEX subject for 
physics. Einstein showed that time and 
space are intimately linked and that 
the progression of time is relative, not 
absolute. Although there is nothing in 
physics that says time must flow in a 
certain direction, scientists generally 
agree that time is a very real property 
of the Universe. Our science is thus 
based on the assumption that the laws 
of physics, and the passage of time, exist 
throughout the Universe. AG 



|0> HARRY KNOBLAUCH. KERRY, IRELAND 

At what height does 
a building become 
a skyscraper? 

A THERE IS NO speciflc height 
at which a tall building is classifled 
as a skyscraper. For most engineers, 
the deflnition is a tower block of 
'considerable height’ that has multiple 
storeys. Structurally, the walls should 
not be load-bearing but instead hung 
on a framework of steel girders and 
usually a central spine. GM_ 



_Q TERRY HANLOW, BIRMINGHAM 

Could life have 
originated deep 
inside Earth? 

Ef THE IDEA THAT life could thrive 
deep below Earth’s surface was once 
regarded as heretical. Lacking any 
obvious source of energy, such as 
sunlight, and subjected to intense heat 



Tube worms 
hydrothermal vent; 
use bacteria to obtain^..^' 
nutrients from the water ’ " 


and pressure, subterranean organisms 
would seem to have little chance of 
survival. Yet since the 1980s, bacteria, 
fungi and worm-like creatures have 
been found lurking kilometres down in 
mine boreholes and deep sea sediments. 

These organisms have extraordinary 
sources of energy. For example, some 
bacteria rely on the reactions between 
water and rocks to get their energy. 

Dating techniques suggest bacteria 
have existed at depths of several 
kilometres for at least 30 million years. 
What isn’t clear is where they fit in to 
the history of life on Earth: were they 
washed down, or are they progenitors of 
life on the surface? Either way, their 
existence has boosted hopes for life on 
Mars. While none has been found on the 
surface, NASA’s Curiosity rover recently 
detected methane coming from within 
the planet - which may be the result of 
subterranean organisms. RM 
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0 PAUL SMITH, FOLKESTONE 


Is it coincidental that the 
human menstrual cycle is 
about the same length as 
the Moon cycle? 


.1^* . -■ 

■f: 




Ef CHARLES DARWIN THOUGHT that 
the 28-day human menstrual cycle was 
evidence that our ancestors lived on the 
seashore and needed to synchronise with 
the tides. The Moon’s phase certainly has 
an effect on the behaviour of many 
animals. Fiddler crabs are more active at 
full and new Moons because the tides are 
higher, so their burrows are uncovered 
for longer. Gerbils avoid foraging at night 
during a full Moon, because the extra 
light makes them more likely to be eaten 
by owls. But the human menstrual cycle is 
only the same length as the lunar month 
- it isn’t synchronised with a particular 
phase. One frequently cited study, 
published in the American Journal Of 
Obstetrics And Gynecology in 1980, found 


some evidence of synchronisation, but 
the effect was very weak. Of the sample 
- of 312 women, 244 had cycles that were 
longer than 29 days or shorter than 27, 
and only 70 per cent of the rest actually 
started their period within two weeks 
of the full Moon. 

If locking our reproductive cycle to 
the lunar month was advantageous, you 
might expect other animals to do the 
same. Orangutans and possums have 
28-day cycles, but our closest relatives, 
the chimpanzees, have 35-day cycles. 
Non-primate mammals have an 
oestrous cycle, which works differently 
to menstruation, but none of them 
synchronise their reproduction with 
the phases of the Moon. LV 


|0> CHARLIE WARD, KING’S LYNN 

Does gravity vary 
across the surface 
of the Earth? 


AS A RULE of thumb, places near 
the Earth’s equator experience lower 
gravity than those near the poles, 
through the joint effect of the Earth’s 
spin and equatorial bulge. 

Observations by satellites show 
that gravity is weakest in the 

Peruvian mountains. 
But at less than 1 
per cent below 
the global 
average, you’d 
never be able 
to tell. RM 


Purple Is where gravity 
is lowest, moving to 
blue, green, yellow, red 
and white (highest) 


RICHARD O’NEILL, GLASGOW 


0 GEMMA ROSS, READING 

How does the brain distinguish 
between good and bad smells? 


A MOLECULES IN THE air dissolve in 
mucus inside the nose and are detected by 
olfactory receptors, which send signals to 
the brain. In primates, including us, there 
are two pathways. One goes to the 
olfactory cortex. The other passes to the 
hypothalamus, which is involved with 
emotion, motivation and memory. This 
part is responsible for whether we like or 
reject a smell. It may also be why smells 
and memory have a close association. 

Although humans have a comparatively 
weak sense of smell, it is still important. 
Day-old babies show expressions of 
disgust when they smell fish or rotten 
eggs. Children can distinguish between 
the smell of their siblings and other 
children of the same age. A baby 
recognises its mum’s smell and a mother 
recognises their baby’s. Even the humble 


fruit fiy has complex olfactory 
processing. It has one system that 
identifies a smell and another that 
categorises smells as good or bad. To 
watch the Focus team sampling some of 
the world’s worst smelling foods, visit 
http://youtu.be/0rwB2Cw-Pe8 SB 




“C’mon, give It a 
try - It’s lovely!” 



♦ * ■ ' 



Does nasal hair have 
any useful function? 


Ef CERTAINLY! IT’S A 
filter for dust, pollen, 
spores, viruses and 
bacteria. Particles stick 
to the wet surface 
of your nose hairs, 
which prevents 
them from reaching 
your lungs and 
causing infection. 
Eventually you’ll 
either blow the 
nasties into a 
tissue, or swallow 
them, to be 
destroyed in your 
stomach. LV 



NEXT MONTH Over 20 more 
of your questions answered 



For even more answers to the most puzzling 
questions, see the Q&A archive at 

www.sciencefocus.com/qanda 
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The Science of Mindfulil^ 

A Kesearch-Based Path 
to Well-Being 


Professor Ronald D. Siegel 

Harvard Medical School/Cambridge Health Alliance 



Meld Ancient Wisdom 
with Modern Science 

Many problems that we face — such as depression, compulsive and 
addictive behaviours, chronic pain, and stress and anxiety — stem from 
the human brain’s hardwired tendency to seek pleasure and avoid 
pain. For thousands of years, people have used mindfulness practices 
to deal effectively with life challenges such as these. And we are now 
in the midst of an explosion of scientific research demonstrating that 
mindfulness practice changes the function and structure of the brain. 

In these 24 fascinating lectures. Professor Ronald D. Siegel, a clinical 
psychologist at Harvard Medical School, reveals the science behind 
mindfulness in compelling detail and demonstrates its application to 
a wide range of issues — psychological, social, and medical. Learn how 
these techniques can radically transform the mind, the heart, and the 
experience of everyday life — ^joining ancient wisdom practices and 
scientific methodology in forging new possibilities for living. 

Offer expires 04/04/15 
TheGreatCourses.co.uk/7fs 
0800 298 9796 


The Science of Mindfulness: 

A Research-Based Path 
to Well-Being 

Taught by Professor Ronald D. Siegel 
Harvard Medical School 
Cambridge Health Alliance 

LECTURE titles 

1. Why Mindfulness Matters 

2. Our Troublesome Brains 

3. Informal, Formal, and Intensive Practices 

4. Who Am I? The Perils of Self 

5. Mindfulness or Psychotherapy? 

6. Attention and Empathy in Relationships 

7. The Science of Compassion and Self-Compassion 

8. Tailoring Practices to Fit Changing Needs 

9. Modifying Our Brain Function and Structure 

10. Solitude— An Antidote to Loneliness 

11. Connecting with Children and Adolescents 

12. Seeing Sadness and Depression in a New Light 

13. Befriending Fear, Worry, and Anxiety 

14. Transforming Chronic Pain 

15. Placebos, Illness, and the Power of Belief 

16. Interrupting Addiction and Troublesome Habits 

17. Overcoming Traumas Large and Small 

18. Groundbreaking Mindfulness Programmes 

19. The Neurobiology of Self-Preoccupation 

20. Growing Up Isn’t Easy— Facing Impermanence 

21. Towards a Science of Wisdom 

22. The Promise of Enlightenment 

23. Mindful Ethics as a Path to Freedom 

24. The New Science of Happiness 


The Science of Mindfulness: 

A Research-Based Path to Well-Being 

Course no. 9303 I 24 lectures (30 minutes/lecture) 

( SAVE £30 

DVD SSAreS- NOW £24.99 
CD £30:99 NOW £24.99 

+£2.99 Postage and Packing 

Priority Code: 110766 


For 25 years, The Great Courses has brought the world’s 
foremost educators to millions who want to go deeper into 
the subjects that matter most. No exams. No homework. 
Just a world of knowledge available anytime, anywhere. 
Download or stream to your laptop or PC, or use our 
free mobile apps for iPad, iPhone, or Android. Over 500 
courses available atwww.TheGreatCourses.co.uk. 

The Great Courses®, Unit A, Sovereign Business Park, 

Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.TheGreatCourses.co.uk for details. 




THE FUTURE OF GADGETS 



OTHIS MONTH 

BILL THOMPSON 

Ditch the cash 
p79 

JUST LANDED 

New Nintendo 3DS 

p80 

ULTIMATE TEST 

Tough earphones 
p83 


EDITED DY DANIEL BENNETT 



NETFLIX 


Life on the Island 


Date Posted 10/18/2014 


Hawaiian Flowers 


Dale Poster -2014 


ansight: 


T he physical and 

virtual worlds are 
about to collide. 
Microsoft’s latest 
research project, the HoloLens, 
wants to liberate your software 
from the screen and let it roam 
around in the real world via a 
pair of specs. Imagine popping 
on your HoloLens and then 
building a virtual Minecraft 
castle on your desk. That’s the 
experience it could create. 

The potential of the 
HoloLens doesn’t just lie in 
gaming. The idea is that all the 
apps that currently sit behind 
your display could climb out 


into the real world. In 
Microsoft’s demo, a designer 
moulds the curves of a 
superbike with his hands; a dad 
gives his daughter virtual 
instructions to fix her sink; and 
a scientist explores Mars. 

At first sight, the technology 
seems too fantastical to be real, 
and it wouldn’t be the first time 
a tech company made promises 
it couldn’t deliver. Closer 
inspection, however, reveals 
that the HoloLens simply 
blends existing technology to 
create something new. 

First, the glasses use 
a prism projector (like 


Holographic 

computer 

platform 

microsoft.com/microsoft- 

HoloLens 


WORDS: DANIEL BENNETT 


ON THE HORIZON 


T 

HOLOLENS 
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Google Glass) to create images 
directly in your field of vision. 
Second, Microsoft’s own Kinect 
tech allows the headset to see, and make 
sense of, the world around it. Just as with 
Kinect on the Xbox, it follows your arms 
and hands, and translates this into 
instructions to the computer. By pairing 
these technologies, the HoloLens can 
recognise a flat surface and create a 
three-dimensional image in front of you. 
And then there’s the sound. 

For a virtual object to feel truly real, it 
needs to create noise, and that audio has 
to come from the right direction. The 
headset is fitted with special earphones 
and software that can simulate noises in a 
3D space. This is crucial for immersion, 
especially since Microsoft hopes that the 
HoloLens will be used for simulations. 

So far, so sci-fi. But there is a drawback. 
While all this technology does exist and 
can be fitted together, it’s all rather large. 
The official imagery shows Microsoft’s 
aspirations for the final product, but the 


prototype is very different in reality. The 
first developers to wear the HoloLens (at 
Microsoft’s secret basement laboratory) 
described wearing numerous straps, 
screws, battery packs and even fans that 
cooled the whole unit down. But every 
great idea starts with a cobbled-together 
prototype. Screens, batteries and 
processors are shrinking by the day, so 
there’s very little to stop Microsoft 
putting together a finished device - closer 
to their concept imagery - within the 
next two years. And there’s one very good 
reason for that. 

That reason is Windows 10. Microsoft 
says it will build HoloLens compatibility 
into its next big operating system, which 
is something of a lifeboat for a company 
that has been losing users for the last few 
years. On top of that, the head of the 
project is the same Microsoft employee 
who delivered the Kinect technology that 
first blew us away five years ago. There’s 
no reason why they can’t do the same 
with the HoloLens now. 




Microsoft’s HoloLens 

concept cleverly blends DANIEL BENNETT is the reviews editor 

existing technology of BBC Focus Magazine 


WHAT’S HOT 


YOUVIEW 

This on-demand TV service 
pools together catch-up TV 
from BBC i Player, ITV Player, 
Demand Five and 4oD. Later 
this year it will be available 
on Sony internet-connected 
televisions as a single app. 
This service, which you 
can get already via set-top 
boxes, gathers together 
all of the week’s TV that’s 
online. It then puts it onto 
your episode programme 
guide, so you can simply 
scan over the past week 
to pick up any shows that 
you’ve missed. 


ljLT 


WHAT’S NOT 


KEYLESS CAR ENTRY 

Walking up to your car and 
opening the door without 
taking out your keys is a neat 
trick, but it’s one that car 
thieves seem to like too. A 
report published by London’s 
Metropolitan Police suggests 
that keyless car theft is on 
the rise. In the capital, 17 cars 
are stolen every day without 
keys. Of these, 70 per cent 
are models that use keyless 
car entry. Apparently, the 
thieves have devised 
processes that 
can hack the 
car’s entry 
system. 


READER POLL 


Would you like a cash-free society? 
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THE NEXT BIG THING 

A CASH-FREE WORLD 


W ELL, IT SEEMS that 
2015 might be the 
year that we finally 
wave goodbye to 
cash. I already use contactless 
payment cards much of the 
time. I’m on the verge of 
abandoning my Oyster Card, 
which I use to pay for tubes 
and buses while travelling 
around London, since I can 
now use a contactless debit 
card instead. I also use my 
smartphone to pay for stuff - 
I’ve installed an app for one 
well-known coffee chain so 
that I can accumulate gold 
stars and get free coffee. And 
when Apple Pay comes to the 
UK, I’m sure I’ll find myself 
using it. The days of paying 
with cash, handing over a note 
and receiving a pocketful of 
'shrapnel’ as change are 
numbered. 

I’m not alone in changing 
my spending habits. The 
Payments Council, which looks 
at the whole range of payment 
services in Britain, is 
predicting that cashless 
payments will overtake cash 
transactions during 2015. And 
the trend is only going one way 
- not only in the UK but 
around the world too. 

There are lots of different 
reasons for the move to 
cashless payments. One is 


simply that the technology is 
now available to replace cash 
with other forms of payment, 
and the banking system likes 
this. Payment service operators 
such as Visa and Mastercard 
would like to see the end of 
cash, partly because it makes 
them money but also because 
they see it as a legacy 
technology. The CEO of 
Mastercard, Ajay Banga, calls 
cash “the dirtiest secret of the 
modern economy” and says 
that it is 200 years out of date. 
Plus, the cost of making coins 
and notes and moving them 
around is substantial. 

There may also be political 
pressure to move away from 
cash. Electronic money expert 
David Birch argues that the 
two groups who like cash the 
most are criminals and tax 
avoiders, and that replacing 
cash would increase tax 
revenues and reduce 
corruption. 

The change isn’t just 
happening in developed 
countries either. Mobile 
payment systems like M-Pesa, 
which started life in Kenya, 
continue to grow in 
importance, not least because 
cash is very inconvenient if 
you live in a country with poor 
transport systems and few 
bank accounts. 



As we move away from using 
cash, we are also going to see 
big changes in the forms of 
'money’ that we use to pay for 
things, or get paid for our 
work. Peer-to-peer digital 
currencies like BitCoin, 
independent of the banking 
system and the world’s 
governments, continue to 
attract attention. Even if they 
won’t ever replace the global 
financial system, they can still 
serve as an alternative means 


of exchange for those who 
want to avoid the flat 
currencies that are created 
by central banks. 

Either way, you might 
want to hold on to your 
pennies - they might not 
be around for long. 



FROM THE LAB 


WHAT IS IT? 

Scientists at the National University of 
Singapore have developed a flexible, 
nano power generator that produces 
an electric charge when it comes into 
contact with skin. It is the size of a 
postage stamp and creates 90V of 
energy and 0.8 milliwatts of current - 
enough to run a small wearable. 


Gadgets powered 
by people 

HOW DOES IT WORK? 

It relies on something called the 
‘triboelectric effect’. This takes place 
when a charge builds up between two 
dissimilar surfaces when they are put in 
close contact. It is this that causes your 
hair to stand on end when you rub a 
balloon against it. The generator collects 
this electricity to power a small device. 


THIS SOUNDS EXCITING. 

WHEN CANIGET ONE? 

The team’s next goal is to build an activity 
tracker that is powered by the user’s 
own motion. Perhaps in a couple of years 
we may see fitness watches that never 
need to be plugged in, allowing you to 
take them on holiday without lugging 
chargers and adaptors along with you. 



The generator could lead to fitness 
monitors that don’t need to be charged 
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It’s hard to tell, but this 
is Nintendo’s latest 
console, the new 3DS. 
Daniel Bennett plays 
spot the difference 

PRICE; FROM £149 

nintendo.co.uk 




What’s new about it? 

Okay, so the new 3DS doesn’t 
look very different at all from the 
original. And that’s beoause it’s 
not. There are some additional 
buttons, inoluding trigger keys on 
the devioe’s shoulders and a nub 
that inputs direotions. There are 
also a few improvements under 
the skin: a more powerful CPU, 
an infrared faoe traoker next to 
the oamera and an NFC sensor. 
The latter works with Nintendo’s 
Amiibos - plastio figurines onto 
whioh you save your oharaoters 
so that you oan load them into 
other people’s games. 

So why should I bother? 

It might seem like a meagre list of 
upgrades for a whole new 
oonsole. Espeoially when you 


look at the kind of leaps other 
systems make from one 
generation to another. But there 
is a good reason for this. The 
original 3DS was almost the 
perfeot handheld gaming 
maohine. It was simple, offered 
a riohness of games, lasted for 
days between oharges and would 
survive almost anything a ohild 
oould throw at it. Why reinvent 
the wheel? 

What are the improvements? 

The new CPU makes everything 
snappier. The graphios are 
slightly improved, but there aren’t 
any games out yet that really put 
this to the test. This isn’t a worry, 
beoause the oonsole’s selling 
point was never its visuals. The 
extra buttons are a weloome 


addition and, in time, they’ll 
allow for more oomplex games 
and boost the system’s already 
impressive library of titles. The 
new oonsole is even oapable of 
playing games from the original. 

The best feature by far is the 
faoe traoking. I never bothered 
with the 3D setting for my 
original Nintendo 3DS: for it to 
work, your head had to be 
perfeotly aligned with the 
oonsole. If you moved either, 
the 3D illusion was instantly 
shattered, leaving your eyes to 
reoonoile the blurry image. The 
new oonsole now knows your 
head’s position and sends 
separate images to your eyes. 
The 3D effeot is no longer just 
a gimmiok - it’s an integral 
working part of the oonsole. 


Should I buy one? 

If you have kids, they’re probably 
going to pester you between now 
and Christmas for the new 3DS. 
It’s a hard ohoioe. The 3DS hasn’t 
kept paoe with the rest of the 
world. Nintendo doesn’t oare 
about soreen resolutions, 
megapixels or prooessing power, 
so the new oonsole isn’t that 
different from its predeoessor. 
But what Nintendo has fooused 
on is sheer fun - fixing all the 
niggles of the original that might 
have got in the way. It’s not the 
most high-teoh pieoe of kit we’ve 
ever tested, but it’s oertainly one 
of the best. ■ 


DANIEL BENNETT is reviews 
editor of Focus magazine 
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APPLIANCES OF SCIENCE 


BETTER 

WI-FI 


^ BLACK 
^BOX 


GREEN 

FINGERS 


CHEFFY 

GADGET 


SLEEPY 

HEAD 



BREATHE 

EASY 


With more and more 
home appliances getting 
fitted with Wi-Fi 
connections, your 
internet router is 
becoming as important 
as your fuse board. Yet 
most routers are about 
as user-friendly as a 
bouncer at 3am. Eero 
looks to change this 
with a simple Wi-Fi 
system that lets you 
grow your network by 
adding more boxes. 

Best of all, it can even 
self-diagnose problems 
and repair itself. Nifty. 
Eero 

$125 (£82.14) plus P&P, 
eero.com 


NFL players typically 
endure blows similar to 
those experienced in a 
car crash. The majority 
of these don’t cause 
permanent damage, but 
there’s no system to 
look out for dangerous 
hits. Linx IAS uses tech 
normally used to test 
bulletproof vests to 
monitor head impacts in 
contact sports. The 
sensor, which slots into 
a headband, flashes red 
after a serious impact 
and can be synced with 
a smartphone. 

Linx IAS 

$199 (£130) plus P&P, 
llnxlas.com 


The Parrot Pot could be 
the hero that your 
plants have been 
waiting for. You tell it 
what’s been planted via 
the app. Sensors then 
monitor moisture levels 
in the soil and release 
water from a reservoir 
when it’s too dry. 
Detectors tell you how 
much fertiliser is 
present in the soil and 
the current temperature. 
And there’s even 
a sunlight sensor that 
tells you to move the 
pot if it’s not getting 
enough rays. 

Parrot Pot 

Price TBC, parrot.com 


To cook meat perfectly, 
professional chefs tend 
to cheat. Their secret is 
a sous-vide machine: a 
water bath that lets you 
cook vacuum-packed 
food slowly and 
precisely. Usually this 
kind of cooking 
requires a big machine, 
but Anova’s precision 
cooker simply drops 
into a cooking pot and 
is controlled via an app 
that practically takes 
over the cooking, letting 
you put your feet up. 
Anova Precision 
Cooker 
$179 (£117.75), 
anovacullnary.com 


You can now add 
bedding to the list of 
things that come with 
Wi-Fi. Sensors in the 
Luna mattress topper 
use your heart rate, 
movement and 
breathing rate to wake 
you at your least 
groggy. It’ll even learn 
what time you head to 
bed each night and it 
warms the sheets 
before you get in. It 
splits the bed into two 
zones, so each person 
can select their own 
temperature. 

Luna 

$199 (£130), 
lunasleep.com 


Turn your phone into 
your own breathalyser 
kit with this keyring. 
Simply blow into the 
Breeze and it’ll quickly 
give you a reading with 
“law enforcement grade 
accuracy”. If you’re 
over the limit, it’ll 
provide you a “Back to 
Zero” figure that tells 
you how long you’ll have 
to wait to sober up. It’ll 
even offer suggestions 
for nearby cab 
companies and cafes, 
so you can get home or 
grab some food. 

Breeze 
$99.99 (£66) 
breathometer.com 
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Supported by 


SIEMENS 


INTERNATIONAL 
IMAGES 
FOR SCIENCE 
2015 

AN EXHIBITION OF THE WORLD'S BEST 
SCIENTIFIC PHOTOGRAPHY 


RPS 

ROYAL 

PHOTOGRAPHIC 

SOCIETY 


PRIZES 

GOLD AWARD 
£1,000 + RPS Gold Medal 

SILVER AWARD 
£500 + RPS Silver Medal 

BRONZE AWARD 
£250 + RPS Bronze Medal 

AWARD FOR THOSE AGED 18-25 
£750 + RPS Gold Medal 

AWARD FOR YOUNG PEOPLE 
AGED 17 AND UNDER 

Voucher worth £500 to buy 
a camera and/or photography 
equipment 

For more information 
and to enter 
www.rps-science.org 

CLOSING DATE: 

Monday 23 March 2015, 
Midnight GMT 


The competition is supported by Siemens. 

Visit www.siemens.co.uk/curiosity-project 

© HUGH TURVEY, Woman Drinking Water 2010 
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If you’re anything like us, your earphones 
go wherever you do, so they ought to be 
built to last. Russell Deeks tests the : 
toughest in-ears in town... 


f HETHER 
you’re a sporty 
type or just 
a clumsy 
commuter, you 
don’t want to spend good money 
on a pair of earphones only for 
them to break. So we took four 
‘rugged’ pairs and put them 
through their paces. In our Snag 
Test, we caught the cable on 


door handles, many times over. . . 

In the Jerk Test, we ripped jack 
from socket as roughly as we . , 
could, from every tortuous angle 
we could think of. The Shower 
Test is pretty self-explanatory, l ; ' * 
while our Crunch Test assessed . 
their ability to withstand being , f 
trodden on by 13 stone of great ' 
lumbering oaf. Turn over to see 
how they fared... 
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SHURE HAS A long pedigree when 
it comes to pro audio equipment. 
This is evident in the build quality 
of these earphones, which Shure 
says are “built to withstand the 
extremes of on-stage or everyday 
wear”. They feature a replaceable 
cable, just in case it decides to 
break. However, as said cable is 
very substantial, Kevlar- 
reinforced and features an 
L-shaped connector, that’s frankly 
unlikely to happen. 

The SE215 earphones are 
supplied with a choice of six 
different sleeves - three in 
silicone, three in foam - to help 
you get the best fit, therefore 
ensuring both optimum sound 
quality and maximum isolation. 

A pick for cleaning off any wax 
build-up is also supplied, as is an 
oval carry case to keep them safe 
in your bag or pocket. 


As for the sound quality. 

Share’s pedigree once again 
shines through. Mids and highs 
are clearly defined, and there’s 
plenty of hefty bass that never 
sounds muddy or muffled. The 
stereo imaging could perhaps be 
a little better, but were we looking 
at sonic performance alone, 
Shure would likely be walking 
away with the gold here. 

Sadly, they fell down a little in 
the toughness stakes. They 
handled the Jerk, Shower and 
Snag tests perfectly... but being 
stepped on was the straw that 
broke the Shures’ back. 

■ ■■■■ 
shure.co.uk, £85 

TflllPU SNAG TEST: PASSED 
I UUUn JERK TEST: PASSED 
T r P T P SHOWER TEST: PASSED 
I Lulu CRUNCH TEST: FAILED 


THE ATH-SP0RT3 earphones 
feature an ‘ear-hanger’ design that 
ensures they’ll stay on your 
lugholes, and come with seven 
different sleeves to guarantee 
they fit nicely. Four of these are in 
plain silicone and three in ridged 
‘active fit’ silicone. The latter are 
designed to let in more external 
sound so that they can be worn 
safely when jogging on city 
streets, for example. There’s a 
compact nylon case to keep them 
safe, too. The cable seems a tad 
flimsy, but it does feature an 
L-shaped connector and an 
attached clothing clip to prevent it 
from catching on things. Oh, and 
the earphones are water-resistant 
to IPX5, which means they’re 
splash-proof and can be safely 
used in very humid environments. 

This bespectacled, long-haired 
reviewer found the ear-hanger 


design a bit awkward at first, but 
you soon get used to it, and 
there’s no faulting their sound. 
They’re not quite as powerful at 
the bottom end as the Shures, 
and are a bit more brash, but 
the stereo imaging is better. 
Dramatically panned sounds 
actually sweep from one side to 
the other, rather than just 
suddenly popping up in the other 
ear. They passed our durability 
tests with flying colours, too. 

All of which is particularly 
impressive when you look at the 
low price tag. If you’re on a 
budget, these are a great choice. 
■ ■■■■ 

eu.audio-technica.com, £45 

TflllPlJ SNAG TEST: PASSED 
I UUUn JERK TEST: PASSED 
T r P T P SHOWER TEST: PASSED 
I Lulu CRUNCH TEST: PASSED 
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SPORT PULSE WIRELESS 

JABRA 


SUPEROARTS T1TANIIIM 

ATOMIC FLOYD 


THE HEFTY PRICE tag of these 
earphones refleots the faet that 
they’re not just earphones. They 
also feature a built-in heart 
monitor, whioh works aiongside a 
dedioated Jabra Sport Life app 
- or other popuiar fitness apps 
sueh as RunKeeper - on your iOS 
or Android devioe. 

The Jabra Sports aiso oome 
with a ohoioe of four sieeves and 
four different ‘ear wings’ to heip 
ensure a oiose, oomfortabie fit. A 
no-brainer for sporty types, then? 
Er, not quite. Maybe I’ve just got 
weird ears, but despite trying 
every possibie oombination of 
sleeves and wings and watohing a 
tutoriai video on the Jabra 
website, I oouldn’t get them to sit 
oomfortabiy at aii. And beoause 
they weren’t fitting tightiy, the 
sound ooming out of them was 
aimost entirely bass-free. 


They’re not without their good 
points: Biuetooth pairing is a 
doddie, with a woman’s voioe 
taiking you through the prooess in 
the earphones themseives (a very 
snazzy touoh), and with a useabie 
range up to around six metres. 
They aiso work via NFC, whioh 
may be a bonus for some. 

The hardsheii biaok and yeiiow 
oarry ease iooks reaiiy good and 
feeis sturdy, and we oouidn’t 
manage to break the earphones 
even when we subjeoted them to 
a simuiated downpour. But ‘try 
before you buy’ wouid be our 
advioe here. 

■ ■■■■ 
jabra.co.uk, £200 

T nil nil SNAG TEST: PASSED 

I UUUn JERK TEST: PASSED 

T r P T P SHOWER TEST: PASSED 

I to I 0 CRUNCH TEST: PASSED 
\ y 


THESE ARE THE most expensive 
earphones in this test, but you 
oertainiy feei iike you’re getting 
your money’s worth. Everything 
about them sereams quaiity, from 
the sturdy, fabrie-eneased eabie 
to the textured titanium easing 
used on the buds, the 3.5mm jaok 
piug and even the Y-junetion 
where the oabie divides in two. 
There’s an iniine remote (aiso 
titanium), as weii as a ohoioe of 
four sieeves (three siiioone, one 
foam). You aiso get a round 
rubber oarry ease and a 
two-pronged fiight adaptor. 

The fanoy ergonomio styiing 
preferred by rivais is esohewed in 
favour of a simpie buiiet design, 
but they’re stiii extremely 
oomfortabie to wear and almost 
impossible to shake loose. And 
they sound as good as they feel. 
They’re a little on the bright side. 


maybe, so they’re perhaps not the 
best ohoioe for serious bass 
fiends, but definition is orisp and 
oiear right aoross the range, and 
they impressed on the stereo 
imaging front. 

What’s more, they took aii the 
rough punishment we eould throw 
at them and stiii oame up smiiing. 
As we said at the start, they’re not 
oheap by any means - but we 
ean’t see anyone ever regretting 
buying them. 

■ ■■■■ 

atomicfloyd.com, £250 

« SNAG TEST: PASSED 
JERK TEST: PASSED 


T r P T P SHOWER TEST: PASSED 
I t U I U CRUNCH TEST: PASSED 



RUSSELL DEEKS is a technology 
and music journalist, and editor 
of Songwriting magazme 
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FOR 

ANOTHER 
SMASH 
H I T 



This spring, the Large Hadron Collider is switching back on. 
How will it extend our knowledge of the subatomic realm? 


CONTRIBUTORS 



JASON GOODYER 

Commissioning editor and physics 
writer at BBC Focus 



INTRODUCTION 

AROUND 
THE LHC 



JON BUTTERWORTH 

Prof of physics at UCL, scientist on the ATLAS 
experiment and author of Smashing Physics 

THE STANDARD MODEL 
EXPLAINED 

o 

BEYOND THE HIGGS 
BOSON 
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^ Top and above: CERN 
workers clean up the 
5 ATLAS particle detector 

^ ahead of the new run 


Right: Technicians prepare 
to insert an additional 
subdetector on the ATLAS 
instrument 


OR THOSE OF us on the 

outside, it seems like there 
has been little going on at 
CERN since the 
announcement of the 
discovery of the Higgs 

boson in summer 2012. But 

although the Large 
Hadron Collider’s (LHC) 
particle beam has been 
shut off since February 

2013, things have been far 

from quiet beneath the Franco-Swiss 
border. Engineers and technicians have 
been busily repairing and upgrading the 
accelerator ahead of its next run. 

The LHC is situated at CERN, in 
Geneva. It uses strong electromagnetic 
fields to accelerate charged particles, 
usually protons, around a 27km-long 
track at up to 99.9999991 per cent of the 
speed of light. Two bunches of particles 
are sent through the tubes in opposite 
directions, accelerated to the desired 
speed, squeezed into an area about one 
quarter the width of a human hair and 
then smashed together in dramatic 
collisions. It’s an exercise in precision 
engineering that requires extreme 
attention to detail. 

During the shutdown, 18 of the 1,232 
giant (15m-long) dipole magnets used to 
bend the paths of the particles have been 
replaced. More than 10,000 electrical 
interconnections between the magnets 
have been upgraded. And the cryogenics 
system used to cool the superconducting 
magnets to temperatures of -270°C has 
been given an overhaul, as have the 
accelerator’s complex electronics. 

The upshot is that the accelerator will 
be able to run at higher energies than 
ever before, up from 8TeV (tera electron 
volts) to 13TeV. This is key in the search 
for new physics. As Einstein’s famous 
E=mc^ equation tells us, mass and energy 
are equivalent. When two high-energy 
particles smash into one another, some 
of their energy is converted into mass in 
the form of new particles. The higher the 
energy, the more mass there is available 
to create these particles. 

Particles produced by the collisions are 
picked up by one of six detectors along 
the accelerator’s track. The resulting data 
is pored over by researchers around the 
world, who look for signs of new science. 

Read on to find out more about this 
incredible machine, the fundamentals of 
particle physics and the mysteries it ^ 
could solve in the coming months. \d 
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1 “Although the LHC’s 
particle beam has 
j been shut off since 
1*"^ February 2013, 
things have been far 
I from quiet” 
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LINAC LINEAR ACCELERATOR 

The protons that are eventually smashed together 
in the LHC start out in a simple bottle of hydrogen 
gas. An electric field is applied to the gas to strip 
the hydrogen atoms of their electrons, leaving 
behind protons. These are injected into Linac 2, 
the first accelerator in the chain. From here 
another accelerator called the Proton Synchrotron 
Booster accelerates them further. 



@ 

PS AND SPS 

The Proton Synchrotron was the world’s highest 
energy particle accelerator when it was first 
switched on in 1959. Now, the 628m-long machine 
accelerates protons ejected from the Proton 
Synchrotron Booster to 25GeV. Its younger sibling, 
the Super Proton Synchrotron, accelerates them 
to 450GeV before they’re injected into the LHC 
proper, where they will reach energies of 13TeV. 



e 

LHC TUNNEL 

The main tunnel housing the beam pipes is 27km 
in circumference and between 50m and 175m 
underground. For particles to pass unhindered, 
the pipes are kept in an ultra-high vacuum state 
that makes them as empty as interstellar space. 
The protons reach speeds of about 99.9999991 
per cent of the speed of light, propelling them 
around the accelerator 11,100 times per second. 
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ATLAS DETECTOR 

Beams of particles collide at ATLAS’s centre, 
sending newly created particles in all directions. 
Six detecting systems, arranged in layers around 
the collision point, record the position and 
momentum of the particles so that they can be 
identified. ATLAS is the largest such detector 
ever made and measures 46x25x25m, about the 
length and width of an Olympic swimming pool. 


CMS DETECTOR 

CMS has the same general scientific goals as 
ATLAS but is built to a different design. It is based 
around a cylindrical coil of superconducting cable 
that can generate a magnetic field 100,000 times 
as strong as that of the Earth. The detector 
weighs as much as 10 double-decker buses and 
employs a workforce of more than 4,000 
scientists and engineers from 41 countries. 


MEYRIN CENTRE 

Meyrin is home to a server farm the size of six 
tennis courts. It’s the first point of contact 
between data from the accelerator and the 
Worldwide LHC Computing Grid. The Grid 
connects more than 170 computing centres in 40 
countries, granting near real-time access to the 
30 petabytes of data generated annually. That’s 
enough to fill 6,300,000 DVDs. 


APRIL 2015 /FOCUS/ 91 






^ FOCUS ^ 

SPECIAL REPORT 

k. A 

THE STANDARD 
MODEL EXPLAINED 

Over many decades, physicists have created a theory that expiains what’s inside 
atoms and the forces between them 


O THE STANDARD MODEL of 

particle physics helps scientists to 
classify fundamental subatomic particles 
and study nuclear interactions. No matter 
how hard we smash them together, these 
particles show no sign of having any 
internal structure. They are not made of 
anything else. And yet, everything else is 
made from them. 

These fundamental particles can be 
classified in a number of ways, but 
probably the most important division is 
based on a property called 'spin’. 

Particles that carry a whole number 
amount of spin (0, 1, 2 etc) are called 
bosons, and those that carry half- number 
amounts are fermions. All the 'matter’ 
particles that make up atoms are called 
fermions. And particles that carry forces 
between the fermions are called bosons. 

We can further separate fermions, the 
matter particles, into different types. One 
sub-class is the quarks. There are six 
varieties of quarks: up, down, strange, 
charm, bottom and top. 

Quarks are combined into particles 
called hadrons. They are held there by the 
strong force, and that involves a huge 
amount of energy. This 'binding energy’ is 
responsible for most of the mass of 
protons and neutrons: thus for most of the 
mass of atoms, and, therefore, of you. The 
boson carrying the strong force is known 


as the 'gluon’. Quarks continually radiate 
and exchange gluons to such an extent that 
we never find a quark on its own - they are 
always confined inside hadrons. 

The other class of particles is the 
leptons. The most familiar is the electron. 
When bound to a nucleus, electrons make 
up the rest of an atom. When free to move, 
they carry electric current and make our 
technology tick. The boson behind 
electricity, magnetism and the binding of 
electrons into atoms is the photon - the 
quantum of light. 

For reasons not entirely clear, there are 
two copies of the electron: the muon and 
the tau. Just like the electron, these have a 
charge, but they also have more mass. This 
three-fold pattern mirrors that of quarks. 

There is another kind of lepton, which 
has no electric charge - the neutrino. The 
only Standard Model force that neutrinos 
experience is the so-called 'weak nuclear 
force’. The quarks and other leptons also 
feel this force, but because it is weak, it is 

"When free to move, 
electrons make our 
technology tick" 



usually hard to discern. Incredibly, we are 
continually bathed in neutrinos from the 
Sun (the weak force is vital in the fusion 
reactions that keep the Sun burning). 

All fermions come with an antimatter 
partner: antimatter particles have the same 
mass but the opposite charge. And that’s 
nearly it. Six types of quarks and 
antiquarks; six types of leptons and 
antileptons; and bosons carrying the 
electromagnetic force (the photon), the 
strong force (the gluon) and the weak force 
(W and Z bosons). 

But there’s more. Most of the mass of 
atoms comes from binding particles 
together. But the particles themselves have 
mass as well. Including their masses 
consistently in any theory presented a 
serious challenge. Back in the 1960s, 

Robert Brout, Francois Englert, Peter 
Higgs and others met this challenge in 
principle with the Brout-Englert-Higgs 
mechanism. This was then incorporated 
into the Standard Model over the following 
years. It requires the existence of a new 
quantum field, the Higgs field, which is 
present everywhere in the Universe, even 
in a vacuum. Interactions with this field 
give particles their mass, and the boson 
associated with the field, the Higgs boson, 
was discovered in 2012. This is the last 
piece of the Standard Model: its 
foundation, and its crowning glory. 



A quick guide 
to subatomic 
terms 


FERMIONS 

Particles with 
a half-number 
of spin. These 
'matter particles’ 
make up atoms 

QUARKS 

A sub-class of 
fermion. There 
are six types (up, 
down, charm, 
strange, bottom, 
top) along with 
antiquarks 


BOSONS 

Particles with a 
whole number of 
spin. These carry 
forces between 
fermions 

PHOTON 

A type of boson 
that carries the 
electromagnetic 
field 

GLUON 

A type of boson 


that carries the 
strong force 

WANDZ 

BOSONS 

These carry the 
weak force 

HIGGS BOSON 

This proves 
the existence of 
the Higgs field, 
which gives all 
particles their 
mass 


LEPTON 

Another type of 
particle. The best 
known is an 
electron. Each has 
a corresponding 
antilepton 

MUON AND TAU 

These leptons are 
copies of the 
electron. They 
have a charge, but 
a lot more mass 
than the electron 


NEUTRINO 

A type of 
lepton. There 
are three 
varieties, which 
all have no 
electric charge 

SPIN 

This is the 
angular 
momentum 
by which all 
particles are 
classified o 
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FERMIONS 


BOSONS 


Particles that make up atoms 


Particles that carry forces between fermions 


MATTER 


STRONG FORCE 




Gluons bind quarks to form hadrons, 
and hadrons to form atoms 


ELECTROMAGNETIC FORCE 


Photon 



Photons bind electrons to atoms, 
and atoms to atoms to form molecules 


WEAK FORCE 



The W" boson is involved in natural radioactivity 
such as beta decay, shown here 


Photon 


HIGGS FIELD 


Higgs boson 


Photons are not slowed by Higgs fieid 
Eiectrons are siowed by Higgs fieid 


Photon 


Eiectron 


A photon doesn’t interact with the Higgs field 
so doesn’t attain any mass 


Electron 
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BEYOND 
THE HIGGS 
BOSON 

After discovering the long-sought particle, what are 
scientists hoping to find this time around? 


THE HIGGS BOSON was discovered using collision data recorded in the first run of the 
Large Hadron Collider, from late 2009 until the end of 2012. In spring 2015, after 
maintenance of the magnets, detectors and other infrastructure, collisions will start 
again at higher energy. What might we learn from the LHC’s second run? 

Experimentally, there are two main reasons why the new LHC data can take us further. 
The first is down to the quantum-mechanical, and hence probabilistic, nature of the 
processes we study. You might think that when two protons collide at a particular energy 
and angle, the results would be predictable, and always the same. In that case, if you have 
measured something once, why measure it again? 

In fact, we can only predict the probabilities. A pair of colliding protons has many 
options open as to what it might produce. The Standard Model tells us how often to 
expect these various possibilities, on average, but it can’t tell us how an individual 
collision will develop. This means that if we want to investigate rare possibilities, we need 
more collisions. It is as though we are trying to test whether a pair of dice is fair. The 
more times we roll the dice, the more sure we can be - and the more likely we are to spot 
any unexpected biases, which might be clues to missing elements in our knowledge. 


-o 


MORE HIGGS BOSONS 

Precise measurements will reveal how the Higgs field works 


AN ESPECIALLY IMPORTANT and rare 
'side of the dice’ is the newly discovered 
Higgs boson. Once produced in a collision, 
the boson decays almost instantly into 
other particles. And again, it has several 
options open to it, and the rates of the 
different decays are also subject to 
quantum statistics. Since the Higgs field 
gives particles mass, the rates that certain 
particles are produced in Higgs decays are 
predicted to depend strongly on their 
mass. Making precise measurements of 
this is vital to our understanding of how 
the mass mechanism really operates. 

So far, we have clear observations of 
the Higgs boson decaying into photons 
and to W and Z bosons. Among the 


fermions, only the tau lepton decays have 
been seen clearly, with some evidence of 
decays to bottom quarks. None of these 
measurements are very precise, and 
we would like to know more. 

More data will also allow us to examine 
other properties of the Higgs boson more 
precisely - for example, how quickly does 
it decay? And is it even a fundamental 
particle, or might it contain the first clues 
to another layer of substructure? We 
would also like to see the Higgs 
interacting with itself, since this is how it 
is supposed to give itself mass, though 
that is a very difficult measurement. 

There might also be heavier Higgs 
bosons out there just waiting to be found! 
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SUPERSYMMETRY 

This could be the last chance for the LHC to find the predicted 
partners of the known particles 


THE SECOND RUN will have more 
energy and that can help us learn more. 
We can potentially make new, more 
massive particles. It will give us improved 
resolution, allowing us to study the 
particles and forces more closely. 

You might wonder why, since the 
Standard Model seems to be complete, we 
would even think there might be more 
particles out there. In fact, there are 
several excellent reasons to think that the 
Standard Model cannot be the final word. 

For one thing, gravity does not fit. It is 
not included in the Standard Model or in 
any quantum theory. It is described by 
General Relativity, sitting somewhat 
awkwardly off to one side. Luckily, the 
effects of gravity on fundamental 
particles are weak enough that it can 
largely be ignored, for now at least. This 
means the Standard Model can hardly 
pretend to be a theory of everything. 

There are also several apparently 
arbitrary features in the Standard Model. 
For example, as mentioned earlier, why 
are all the force-carriers bosons, and the 
rest fermions? By including the Standard 
Model into a larger theory, such arbitrary 
features can either be removed, or made 
an inevitable part of the larger structure. 


One popular extension to the Standard 
Model is known as 'supersymmetry’. 
Supersymmetry removes the arbitrariness 
between fermions and bosons, by 
introducing a fermion partner for every 
boson and vice-versa. They allow them to 
transform seamlessly into one another at 
high energies. The extra symmetry in 
these theories helps explain why the mass 
of the Higgs, W and Z bosons is low 
enough that we can actually study them. 
Without such extra symmetry, many 
theorists think the most natural value for 
these masses would tend to be very high 
- up to a billion billion times higher, near 
what is called the 'Planck mass’. This is 
where gravity becomes so strong that it 
would have an effect in this tiny realm. It 
seems unlikely that the LHC will be able 
to help much with bringing gravity and 
the Standard Model together. However, 
the discovery of supersymmetric partners 
of the Higgs, or other particles, would be 
hugely exciting. 

Supersymmetry predicts many new 
particles - partners for all the existing 
ones, plus three extra Higgs bosons. But 
the problem is that none of these have 
shown up yet. The second run at the LHC 
may be their last chance! 



Left: Supersymmetry 
allows particles 
to transform into 
one another at high 
energies 
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CLUES TO ANTIMATTER 

Rare particle decays could explain why there’s more matter than antimatter 


THERE ARE FOUR big particle 
detectors at the LHC. Two of them, 
ATLAS and CMS, discovered the Higgs 
boson and are general purpose 
detectors. The other two detectors 
are more specialised. 

ALICE is optimised for those periods 
(usually a few weeks a year) when the 
LHC collides lead nuclei rather than 
protons. ALICE, ATLAS and CMS can 
all use such collisions to study exotic 
forms of matter, but ALICE has some 
unique advantages. 

The final detector is LHCb, where the 
'b’ stands for the bottom quark. Many of 
these massive quarks are produced in 
the proton-proton collisions at the LHC. 
LHCb is specifically designed to detect 
as many of them as possible, and 
measure the different ways in which 
they decay to lighter particles. 

Rare decays of particles like this are 
interesting for a number of reasons. For 
one thing, they can occur via tiny 
'quantum loops’, involving particles that 
are much too heavy to be produced 
directly. Measurements of such decays 
have already contributed to ruling out 
many possible new theories, including 
variants of supersymmetry. With more 


data in the second run, more theories will 
be on the chopping block. 

Decays of bottom quarks are especially 
interesting for reasons connected with the 
'missing antimatter’ in the Universe. In 
the Standard Model, particles and 
antiparticles are almost always produced 
in equal numbers - but the Big Bang 
seems to have left us with lots of matter 
and no antimatter. How? Where did all 
the antimatter go? 

B-quarks are the heaviest version of the 
down quark (the strange quark lies 
between them in mass). Nobody knows 
why there are three copies of particles like 
this. But we do know that three is the 
minimum number for which it is possible 
to introduce some matter- antimatter 
asymmetry (known as CP-violation), into 
the theory. Measuring the b-quark decays 
is a very direct way to probe CP-violation, 
and LHCb has measured the effect. 

Unfortunately, the measured 
asymmetries do not seem to be big enough 
to account for the vast difference in 
abundance of matter and antimatter that 
we see around us. However, there is still 
more to learn here, and extra data from 
the second run will help increase our 
understanding. 


Two particles annihiliate forming a Z particle, which decays into a b-quark and antiquark 
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Along with the CMS 
detector, the ATLAS 
detector (pictured) 
found the Higgs boson 




DARK 

MATTER 

There's stuff out there we can't see, 
and the LHC might spot it 


ANOTHER PROBLEM NOT solved 
within the Standard Model is the 
observational evidence that the 
Universe is filled with more matter than 
we can see. This is known as dark 
matter and does not seem to consist of 
any of the known particles. Far from 
'everything else’ being made of the 
quarks and leptons, astrophysical 
observations and cosmological models 
indicate that about 84 per cent of matter 
is something not contained in the 
Standard Model. 

Supersymmetry suggests that dark 
matter could be a supersymmetric 
partner particle. If so, then there is a fair 
chance that we might actually be able to 
produce, and indirectly detect, pairs of 
dark matter particles in the new 
collisions. Several of the possible 
extensions of the Standard Model 
provide candidates for dark matter 
particles that might be produced at the 
LHC. In many of these theories, even if 
dark matter doesn’t interact much with 
other particles, it still gets its mass from 
the Higgs field. Studying the Higgs 
boson (or bosons!) carefully is vital. 

There are other experiments going on 
around the world that can tackle some of 
these issues too. Sensitive underground 
detectors are hunting for the glancing 
impacts of the dark matter particles that 
ought to be drifting past us all the time. 
High-energy cosmic ray experiments, 
other astrophysical observations, and 
precision measurements also have 
things to tell us. Perhaps most 
importantly, neutrino experiments are 
running or planned. And these could tell 
us whether the tiny mass of the neutrino 
comes via the mechanism proposed by 
Brout, Englert and Higgs, or by a more 
exotic route that involves it being its 
own antiparticle. Neutrino experiments 
will contribute to, or constrain, the 
possibilities for physics beyond the 
Standard Model. 

The LHC is not the only exciting thing 
going on in particle physics over the 
next few years. But the second run will 
be huge news for anyone interested in 
what the Universe is made ofO 
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Speak French, Spanish or Italian 
as they are really spoken )) 



tutto 


P«ntoyeojna 




fROMTTAUY FOR FARMERS 


ytTO 




Now you can improve or maintain your French, 

Spanish or Italian with the bi-monthly audio magazines, 
Bien-dire, Puntoy Coma and Tutto Italiano. 

Bien-dire, Puntoy Coma and Tutto italiano are all published six times 
a year from France, Spain and Italy and include a glossy magazine 
packed full of lively, topical and original articles and in-depth 
interviews in French, Spanish or Italian to give you the inside track on 
French, Hispanic or Italian culture. Key words and phrases are glossed 
into English on the facing page. The articles, in turn, are narrated on 
the accompanying 6o-minute audio CD to enable you to improve 
your listening comprehension and understand French, Spanish 
and Italian as iFs really spoken. In addition, every feature is graded 
for difficulty so that you can assess your progress with each issue. 

If you now want to be able to speak like a native, a subscription 
to Bien-dire, Puntoy Coma or Tutto italiano will inspire, 
motivate and help you to achieve fluency. 


Key Benefits 


► Speak French, Spanish or Italian with confidence 
by learning the language as it’s really spoken 

► Improve your vocabulary and listening comprehension 

► Improve your knowledge of French, Hispanic 
or Italian culture 

► Lively, relevant and up-to-date, authentic content 

► Take advantage of on-going, portable and 
flexible learning 


Subscribe Today to 
either Bien-dire, 
Puntoy Coma or Tutto 
italiano for a year for 
just £99 and you will 
receive an extra issue, 
worth over £16, for 
FREE - that’s 7 issues 
for the price of 6! 


Order TODAY by calling 

0800 141 2210 

Outside the UK call 

+44 117 927 2236 

or by visiting our website: 

www.languages-direct.eom/FOC115B 
for Bien-dire and 
www.languages-direct.eom/FOC115P 
for Puntoy Coma 
www.languages-direct.eom/FOC115T 
for Tutto italiano 


Subscribe Today! 


1 

1 

01 . Please send ine a year’s subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £99) to Bien-dire ^u6\o Magazine -i- 1 extra FREE issue! 

□ 

Please send your completed order form together 
with payment to: Languages Direct Ltd, 


□ 


02 . Please send me a year’s subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £99) to Punto y Coma P<u6\o Magazine + 1 extra FREE issue! 

FREEPOST RSKB-KSKR-LYLU, Bristol BSl 6UX 

Delivery: Your first issue should be with you within 10 days of receiving your order. 

1 

1 

03 . Please send me a year’s subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £99) to Tutto /fa//ano Audio Magazine + 1 extra FREE issue! 

Cheque: cheque enclosed for £99 (payable to Languages Direct Ltd) □ 

or Card: Please charge my credit card for the sum of £99 only: Mastercard □ Visa □ 

Card number: 

□ 

60 day money-back guarantee 

If for any reason Bien-dire or Puntoy Coma or Tutto italiano is 
not for you, just let us know within 60 days, and we’ll refund your 
subsciption in FULL, and you can keep your first issue. If at any 
time later you decide to cancel, we’ll refund you the cost of any 
unmailed issues. 


Amex □ 


Fxpiry date: Card CW Code: 



First name: Ciirname: 


To see our full range of excellent language learning materials 


Address: 


visit www.languages-direct.com 

Media Ref: FOC 11 5 


Email: 


Telephone: 




TO DO LIST 

PLAN YOUR MONTH AHEAD WITH OUR EXPERT GUIDE 


e WATCH 
• LISTEN 
i) TOUCH 
@ VISIT 
@READ 



DON’T MISS! 


Take a look baok over 
the spaoe telesoope’s 
troubled past. plOO 


Hubble’s Cosmic 
Journey 


0 “ZEUS, THE FATHER of the Olympio Gods. 

turned midday into night, hiding the light of 
the dazzling Sun, and sore fear oame upon men.” 

So wrote Greek poet Arohiloohus, one of the first to 
reoord the experienoe of a total solar eolipse. 

Baok in 648 BC, it was seen as an omen from the 
gods. Today, we know that these awe-inspiring 
events happen when the Moon passes between 
the Sun and the Earth, obsouringthe Sun’s diso and 
blooking its light. 

This year promises to be an exoiting one for eolipse 
ohasers. A total solar eolipse will be visible from 
parts of Europe and the Arotio on 20 Maroh - the last 
one to be visible in Europe until 2026. To oelebrate. 
Stargazing Live is returning for its fifth season, timed 
to ooinoide with the astronomy event of the deoade. 

On the morning of the eolipse, Liz Bonnin will 
report live from the Faroe Islands - one of the few 
landmasses to lie in the path of the total eolipse 
(the other being the Svalbard arohipelago in the 
Arotio Ooean). Liz will take to the skies in the 
Stargazing Live plane to oapture breathtaking views 
of the total eolipse as it happens. There’ll also be 
plenty of tips on how to enjoy the speotaole yourself. 


with a partial eolipse being visible aoross the whole 
of the UK. Pinhole projeotors at the ready I 

But eolipses aren’t the only event on this year’s 
menu. As usual. Prof Brian Cox and Dara O’Briain will 
host prooeedings from Jodrell Bank Observatory, 
and they’ll be joined by Liz Bonnin, Dr Luoie Green 
and Dallas Campbell for three nights of spaoe-filled 
adventures. Among the highlights: Apollo Lunar 
Module pilot Rusty Sohweiokart gives Brian a lesson 
in howto land on the Moon, Luoie reveals what’s so 
speoial about the North Star and Dallas finds out 
what goes on inside ESA’s spaoeoraft testing oentre 
in the Netherlands. 

There’ll also be an opportunity for viewers to get 
involved in some oitizen soienoe, with the ohanoe 
to disoover their very own supernova. So there’s 
no exouse not to get involved in some serious 
stargazing this Maroh. 

JAMES LLOYD 


TWO 


Watch Stargazing Live on BBC 
Two, 18-20 March and the eclipse 
special on BBC One, 20 March 


Great Thinkers: 
Daniel Dennett 

Hear the American 
philosopher and cognitive 
scientist deliver his 
thoughts on the possibility 
of a unified theory of 
information. p103 


-J 

THE VILLAGE WM 


EFFECT 

VFhy Face-to-face 1^,- 

Contact Matters 



'' 


Susan Pinker 


The Village Effect 

Is our growing connection 
to the digital world making 
us disconnect from 
X/ each other? pl04 
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To Do List 


WATCH 

TV. DVD, BLU-RAY& ONLINE 

WITHTIMANDRAHARKNESS 


Malaysian 370: What Happened? 

National Geographic, 8pm 

ON 8 MARCH 2014, a routine flight 
from Kuala Lumpur to Beijing turned 
into an aviation tragedy when the 
plane vanished with all on board. One 
year later, this programme revisits 
the mystery. It examines oompeting 
theories about the fate of flight 370, 
and how investigators oontinue to 
pursue the truth in the faoe of vast 
distanoes and the passage of time. 


FROM 10 MARCH 


Alien Files: Unsealed 

H2,9pm 



18 APRIL 





THIS SERIES USESreoently 
deolassified files to investigate 
historio sightings of UFOs. Some 
will believe there are mysteries that 
somebody wanted to keep under 
wraps. Others may think that UFOs 
were oonvenient smokesoreens 
when governments had something to 
oover up. Either way, there’s plenty 
here to please a UFO fan. 


FROM 13 MARCH 


Richard E Grant’s 7 Deadly Sins 

Discovery, 9pm 



THE SEVEN DEADLY sins are familiar 
from the Bible. But in this seven- 
part series, aotor Riohard E Grant 
(pietured) takes a soientifio view 
by finding oounterparts to human 
vioes in the animal kingdom. Will he 
meet an envious eel or a slothful, 
er, sloth? If nothing else, “it evolved 
as a survival meohanism” is a great 
exouse when you’re oaught sinning. 


TIMANDRA HARKNESS is a stand-up comedian and a presenter 
on BBC Woridwide’s YouTube channei Head Squeeze 


Hubble’s Cosmic Journey 

National Geographic, 8pm 

THE HUBBLE SPACE Telesoope is one of NASA’s ioonio 
aohievements. It’s an eye on the heavens that, by esoaping the 
Earth’s atmosphere, sees farther in spaoe and time than we’ve 
ever seen before. Images it has oaptured of deep spaoe and 
distant objeots adorn millions of walls and oomputer soreens, and 
fill the dreams of adults and ohildren. 

But at one point, the ambitious engineering mission looked 
like NASA’s biggest failure. It seemed an expensive mistake that 
revealed flaws in the agenoy’s work, going muoh deeper than the 
optioal failings of Hubble’s vast refleotor. 

The story of the dedioated soientists, engineers and astronauts 
who spent 20 years of their lives oonoeiving and realising the vision 
is bound up with the history of the spaoe shuttle programme, 
rooked by the Challenger tragedy. 

In this programme, shuttle pilot Charlie Bolden, now head of 
NASA, reoalls the mission to deploy Hubble. It was threatened by 
unforeseen teehnioal mishaps, whioh almost souppered the $3bn 
mission before it had even begun. 

Relief when the spaoe telesoope was finally deployed turned 
again to heartbreak when the first images were sent baok to 
Earth. Optioal faults of a millionth of an inoh, that should have been 
deteoted before launeh, meant distortions on a soale that rendered 
them useless to soientists. 

Direotor Chris Riley follows his award-winning film In The 
Shadow Of The Moon with this tense aooount of how NASA 
overoame so many obstaoles. You’ll never take Hubble’s gorgeous 
photographs of spaoe for granted again. 
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20 MARCH 


One Way Astronaut 

Eden, 8pm 



WOULD YOU LIKE to go into spaoe, 
to walk on another world? Yes? 
What if the prioe was never eoming 
home? Tens of thousands of people 
said yes, and applied for the Mars 
One initiative. Mars One founder Bas 
Lansdorp plans to raise $6bn by 
treating a Mars mission as a reality 
TV series. Find out more in this one- 
off dooumentary about the projeot. 


24 MARCH 


Insect Dissection 

Eden, 9pm 



BEFORE YOU SQUASH that 
inseot, admire the perfeotion of its 
anatomy... and hand it over to be 
disseoted. Entomologists Brendan 
Dunphy (piotured) and James Logan 
take apart an inseot layer by layer, 
showing in olose-up how everything 
works. This programme reveals 
nature at its most impressive, and 
soienoe at its most fiddly. 



p UFOs from H2 this month, 
the Mutual UFO Network - has 
^htings across 42 countries around the 
Piles have now been assembled in an 
fl^Tn Ohio. By pulling together common 
^veral files, this series tells a different story 
sode. Rogue technology, presidential cover-ups 
Pd'^atterns emerge from the sightings, images and/ 
gl evidence in Hangar 1. 

'W//////M/ 


DVD & BLU-RAY 



David Attenborough’s Conquest 
Of The Skies 

Sky, £14 

DAVID ATTENBOROUGH GOES back 300 million 
years to tell the story of how animals evolved 
flight. It’s not just birds that took to the skies. 



Silicon Vailey 

HBO, £25.52 

THIS OOMEDY SERIES is set in a high-tech world 
where everyone dreams of being the next Steve 
Jobs. It’s written by Mike Judge, a former Silicon 
Valley engineer turned comedy writer. 


ONL INE 


Auxetic Materials Used In Protective Wear 

http://bbc.in/lzSjmbU 

FRAN SOOTT FINDS out 
how a material inspired by 
nature gets stronger and 
fatter when stretched. 

She then shows you how 
to make a structure to 
illustrate these properties. 

Fran Scott gets serious about structures 



BBC 


Creating Light 

http://bbc.in/ltalLsT 



Mark Miodownik makes bright, smeiiy iight 


IN THIS CLIP from the 
BBC’s Everyday Miracles 
series. Prof Mark 
Miodownik shows how to 
create light from electricity 
in a way that’s “not at all 
practical for the home’’. 


BBC 


Story Of Now 

http://bbc.in/lwDHNoM 



When is it 
‘now’? Now? 
Or now? 


PSYCHOLOGIST, AUTHOR 
and broadcaster Claudia 
Hammond takes a closer 
look at time perception and 
discusses whether it’s just 
an illusion in this interactive 
video from the BBC 
Connected studio. 
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To Do List 



i) TOUCH 

SMARTPHONE & TABLET APRS 

WITH KATE RUSSELL 


7-8 MARCH 


Shaking The 
Foundations; The Forum 

BBC World Service, various times 

BRIDGET KENDALL WRANGLES 
a panel including stand-up 
mathematician Matt Parker, 
biologist Armand Leroi, writer 
Wiii Self, and international 
politics expert Leslie Vinjamuri. 
Wish her iuck as they collide 
over phiiosophy, creativity and 
at least two kinds of infinity. 


FROM 17 MARCH 


Restarting The 
Antibiotic Pipeline 

BBC Radio 4, 8.15pm 

THE LAST TRULY new antibiotic 
arrived in the 1980s. Since then, 
research and development on 
the next weapon in the war on 
bugs has staiied. In this 
two-part documentary Roland 
Pease finds out why this is the 



Where are all the new antibiotics? 


case, and meets those who are 
trying to restart the quest for 
new iifesaving drugs. 


28-29 MARCH 


Fridgeonomics 

BBC World Service, various times 

IMAGINE YOUR LIFE without 
a fridge. How would it change 
how you shop, cook and eat? 
Eiizabeth Ohene goes into 
kitchens around the worid to 
find out why it’s such an 
aspiration in developing 
countries, and how the 
advance of the fridge could 
affect economies, education 
and the environment. 




Fridges do more than keep your beer cold 


7 APRIL 


3D Bio Printing 

BBC Radio 4, 11am 

BY LAYERING SUITABLE 
materials, 3D printing can make 
almost anything. In 2009, 
Harvard researchers printed 
living cells, opening the door to 
manufactured body parts for 
medical use. Could 3D printing 
bring back extinct species? 


PODCAST 


A History Of Britain In Numbers 

http://bbc.in/1dx1eNv 

O THIS IS THE second season of the series 
that uses numbers to tell the story of our 
past. Andrew Dilnot, chair of the UK Statistics 
Authority, starts with the relationship between 
knowledge and power, statistics and the state^ 
and ends up in a muddy field. 



Moon Globe HD 

iOS 7.0 or later, iPad/iPhone/iPod Touch, Midnight Martian, 79p 

ONLY 12 PEOPLE have ever walked on 
the Moon. You’re unlikely to tread in Neil 
Armstrong’s footsteps, but Moon Globe HD 
offers the next best thing. Using high-res 
satellite imagery, this detailed 3D globe can 
be viewed in a number of ways. It reveals 
topographic features, plus all the craft that 
have ever landed. Simply tap a label to bring 
up an information panel with links to online 
resources. You can even turn on Anaglyph 3D 
mode to don your specs and pretend you’re in 
Apollo 11 making the final descent to the Sea of Tranquillity. 

Particle Adventure 

iOS 6.0 or later, iPad/iPhone/iPod Touch, Android 2.1 or later. 


OUR BEAUTIFUL PLANET is abundant with 
life and variety, but physicists know that 
all matter is made up of a few fundamental 
building blocks. Explore the mysterious and 
invisible world of subatomic particles in 
Partiole Adventure. This free app takes you on 
an interactive tour, asking and attempting to 
answer some of the greatest questions ever 
posed by humanity. The app itself is not that 
glossy to look at, but the information is well 
written and extensive - it’s perfect for anyone 
who wants to be able to tell a quark from a neutrino. 

FisbBrain 

iOS 7.0 or later, iPad/iPhone/iPod Touch, Android 4.0.3 or later, 
FishBrain, free 




BEING A GOOD angler takes a 
bit of knowhow. Which bait or 
lure works best? What are the 
ideal atmospheric conditions 
for a good catch? FishBrain 
can help, by hooking into 
meteorological data and a 
catalogue of over 50,000 
lures and 1.7 million fishing 
waters from around the world. It will not only use scientific data 
to help you prepare for a successful fishing trip, but will also 
allow keen anglers to share information and photos of the best 
locations to land that dream catch. 



KATE RUSSELL is a technology journalist and BBC Click presenter 
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14-15 MARCH 


FutureFest 

Vinopolis, London, 280 (weekend ticket), futurefest.org 

THIS TWO-DAY festival aims to excite and chaiienge your perceptions 
of the future. Edward Snowden is a confirmed speaker. 



Rights Of Nature 

Nottingham Contemporary, Nottingham, bit.iy/lAfBkGt 


THROUGH PHOTOS, DRAWINGS and other media, artists analyse 
our fraught relationship with the naturai worid in the face of giobai 
warming, environmentai destruction and mass extinction. 



19 MARCH 


Stories in The Stars 

Royal Observatory, London, 7pm-8.30pm, 27, rmg.co.uk 


MOVE OVER CRACKANORY- this is how to do storytime with 
a difference! Relax under the stars in the pianetarium as author 
Susanna Hislop reads from her book Stories In The Stars. 



Great Thinkers: Daniel Dennett 

Conde Nast College of Fashion & Design, London, 12.45pm-1.45pm, 
225, www.howtoacademy.com 


O THE EVER CONTROVERSIAL Daniel Dennett is a key 
phiiosopher of our time with his thought-provoking 
arguments about consciousness, free wiii and human 
evolution. In this iunchtime taik, he expiains how common 
threads in evolution, iearning and engineering account for 
a unified theory of information in the Internet Age. 


FROM 28 MARCH 


The Innovation Race 

MOSI, Manchester, until March 2016, free, mosi.org.uk 

DISCOVER HOW MANCUNIAN makers helped Britain win WWI. 
Hear the stories of scientists and engineers, get hands-on with 
gadgets and view never-before-seen ietters. 


23 MARCH 


Dinosaurs, Epigenetics And The Higgs 

Royal Institution, London, 2pm-5pm, 220, rigb.org 

PALAEONTOLOGIST DAVID HONE explores dinosaur behaviour, 
physicist Jon Butterworth reveais how the Higgs boson was 
discovered and biologist Nessa Carey expiains epigenetics. 



FROM 28 MARCH 


Spitfire Gallery 

Thinktank, Birmingham, bit.ly/1ux3UNQ 


BIRMINGHAM MADE OVER half the Spitfires during WWII. Learn 
about the science of flying, then see a reai Spitfire and a Hurricane. 



26 MARCH 


The Green Economy 

Watershed, Bristol, 7.30pm-9pm, free, ideasfestival.co.uk 


2APRiL 


The Science Of Game Of Thrones 

Life Science Centre, Newcastle, 6pm-7.30pm, 24, life.org.uk 


WATCH THIS DISCUSSION on how to develop the economy while 
cutting environmentai risks and ensuring sustainabie development. 


ARE YOU A fan of Same Of Thrones? Don’t miss this taik by Radio 
4’s Helen Keen as she delves into the science behind the saga. 


27 MARCH 


Telescopes Of The Future 

Royal Institution, London, 7.50pm-9.15pm, 217, rigb.org 

THIS TALK REVEALS how observatories in space and on the 
ground wiii cast new iight on some of the biggest mysteries. 


14APRiL 


The Unknown Universe 

Royal Astronomical Society, London, 1pm and 6pm, www.ras.org.uk 

FIND OUT WHY we can’t fully prove the Big Bang theory at this taik 
\/ by astro-guru and award-winning author Dr Stuart Clark. 
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To Do List 


a^READ 

^ THE LATEST SCIENCE BOOKS REVIEWED 


The Village Effect 

Why Face-To-Face 
Contact Matters 

Susan Pinker 

Atlantic Books® £14.99 

ON TWITTER. I have nearly 13,000 
followers. Yet in the ‘real world’, how many 
people oould I truly turn to? A handful, at 
most. I might have been a ease study in 
Susan Pinker’s new book. She desoribes 
how we’re digitally interoonneoted on an 
unpreoedented soale, and yet we’re more 
lonely and isolated than ever. 

This is bad for our health. Pinker oites 
one 12-year study of thousands of nurses 
who’d been diagnosed with oanoer. Those 
who felt sooially isolated were 66 per oent 
more likely to die during the investigation. 
Or oonsider a meta-analysis of 148 studies 
oolleotively involving over 309,000 people. 
It found that those integrated into their 
oommunities had half the risk of dying. 
Indeed, epidemiology finds real-world 
oontaot to be vital for long life. 

Pinker repeatedly says that digital 
oontaot doesn’t afford the same 
psyohologioal benefits as in-the-flesh 
relationships. She takes us to a Sardinian 
hilltop village that boasts an abundanoe 
of oentenarians - a plaoe where everyone 
knows eaoh other and multiple family 
generations live under one roof. Physioal 
proximity, touoh, trust, gossip and a 
powerful sense of belonging: these are the 
villagers’ seorets to long life and happiness, 
explains Pinker. 

"I think we know 
intuitively the 
value of face-to- 
face contact. But 
the digital world 
is here to stay” 


THE VILLAGE 
EFFECT 

Why Face-to-face 
Contact Matters 



Susan Pinker 

Author of The Sexual Paradox 


We also hear about the limitations 
of online dating (their algorithms don’t 
work, says Pinker), the finanoial soams 
orohestrated by trusted friends (the ‘dark 
side’ of faoe-to-faoe psyohology), and 
the misguided programmes that have 
delivered laptops to developing nations, 
where investment in better teaohers 
would have been more effeotive. 

I wineed a few times at Pinker’s 
treatment of neurosoienoe, espeoially 
her simplistio oarioature of the ‘ouddle 
hormone’ oxytooin and mirror neurones. 
More troubling is the book’s bias. Pinker 
omits or dismisses important findings, 
suoh as a 2013 study that found moderate 
internet use by youths was oorrelated 
with more partioipation in sports and 
olubs: or another that found feelings 
of Faoebook oonneotedness were 
assooiated with ‘lower depression and 
anxiety and greater satisfaotion with life’. 

I think we know intuitively the value 
of faoe-to-faoe oontaot. But the digital 
world is here to stay. For me, then, what’s 
important is how to leverage our new 
digital tools to foster and oultivate real, 
meaningful relationships. On this point, 

I wish Pinker had more to say. 



CHRISTIAN JARRETT is a psychology writer. 
His iatest book is Great Myths Of The Brain 


O Hardback ® Paperback 



How does communicating face-to- 
face benefit us compared to oniine? 

Communioating in person is not only 
essential for forming lasting bonds, but it 
also has an impaot on the brain that hasn’t 
so far been deteoted with eleetronio 
oommunieation. In 2010, neurosoientist 
Elizabeth Redoay oompared the brain 
aetivity of people who were interaeting in 
person versus those who were watohing 
a video of a very similar interaotion. When 
the sooial partner was in the room, there 
was muoh greater blood flow to brain 
areas assooiated with sooial oognition, 
peroeption, attention and reward. 

Lots of peopie find it easier to make 
friends online - can’t social media 
be a useful tool in this case? 

Within limits. For people who find it very 
diffioult to oommunioate faoe-to-faoe, 
suoh as those on the autistio speotrum, 
interpersonal oontaot is a skill they have 
to learn and praetise. Friends they make 
online don’t neoessarily translate into 
offline friendships. You oan have a friend 
on Faoebook and feel oloser to them by 
sharing information, but you may not be 
getting the benefits of an intimate bond. 

What would be your three tips for 
living in this digital age? 

First, try to build a village effeot into your 
daily life. If you’re moving to a new area, 
look for one where people ohat to eaoh 
other in publio spaees. Seeond, if you’re 
a parent, limit your ohildren’s soreentime 
- their brains are built for interaoting 
faoe-to-faoe. Third, get up and talk to your 
oolleagues. The teams who oommunioate 
in person are more produotive, oohesive 
and loyal than those who mainly 
oommunioate through digital media. 

B more on the podcast 

Listen to the fuii interview with Susan 
Pinker at sciencefocus.com/podcasts 
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To Do List 



Birth Of A Theorem 


A Mathematical Adventure 

Cedric Villani 

Bodley Head, ©£18.99 



Science For Life 


A Manual For Better Living 

Brian Ciegg 

Icon Books ©£16.99 


IN 2010 CEDRIC Villani won the Fields 
Medal, the mathematical equivalent of a 
Nobel Prize. Birth Of A Theorem 
describes how his prize-winning research 
took shape over the preceding two years. 
This is no popular science book - even 
readers with maths degrees will struggle 
with Villani’s terminology and equations. 
Rather, it is an undiluted account of life as 
a mathematician. The main story focuses 
on Villani’s pursuit of his elusive ‘Landau 
damping’ proof. He navigates setbacks 
and self-doubt, recounting moments of 
inspiration. The pages are scattered with 
excerpts, quotes and poems. It reads 
almost like a diary and makes for a 
fascinating - yet frustrating - book. There 
are some wonderful parts, such as when 
he compares algorithms that exploit 
randomness to the meandering in his own 
career path. But these are often lost 
among reproductions of emails and 
mathematical derivations. By telling the 
story of his quest, Villani reveals a rarely 
glimpsed world and shows the dedication 
required to reach the very top. However, 
by including so much unfiltered detail, the 
complexity of his journey will leave many 
readers behind. 


IS COFFEE GOOD for you, or bad? If you 
read the newspapers you can be forgiven 
for not having the foggiest idea. Every 
day, we’re bombarded with stories 
contradicting what we read the previous 
week - about everything from climate 
change and brain training games, to the 
benefits (or not) of drinking red wine. 

Brian Clegg has produced the ultimate 
antidote. In Science For Life, he has 
researched the evidence for and against 
these claims - and over 200 more. For 
example, did you know that saturated fat 
is no worse for you than unsaturated? Or 
that there’s no evidence whatsoever for 
the Mozart effect? Or that a UK-grown 
tomato comes at three times the 
environmental cost of one produced in 
Spain, thanks to the need for heating 
in our chilly climate? 

Science For Life is divided into various 
headings, with a ‘Fun’ section that offers 
a scientific slant on topics such as why 
buses arrive in clusters and how to get 
served quickest in a queue (this is a field 
Clegg helped to develop while working at 
British Airways). This handy, well-written 
guide is a triumph of reason over press 
release reporting. 



How To Fly A Horse 

The Secret History Of Creation, 

Invention, And Discovery 

Kevin Ashton 

William Heinemann©£20 

CREATIVITY IS PROBABLY the most 
important thing that distinguishes us 
from other animals. It is something that 
many of us dream of harnessing, but 
attribute it to other people. Kevin Ashton’s 
engagingly titled new book argues against 
letting ourselves be intimidated. As a 
tech entrepreneur, co-founder of an MIT 
laboratory and pioneer of the ‘Internet of 
Things’, he’s someone who should know. 

Beginning with the tale of how 
Mozart’s working method was 
reimagined by biographers keen to set 
him on a pedestal, the book sets out to 
deconstruct the myth of genius by looking 
at the truth behind many inventions, 
discoveries and works of art. 

With help from a vast cast of 
characters ranging from Nobel laureates 
to Dexy’s Midnight Runners, Ashton 
shows how, more often than not, great 
breakthroughs stem not from a flash of 
inspiration, but from the more mundane 
business of identifying problems, lateral 
thinking, trial and error, teamwork and 
persistence. It’s an inspiring vision of 
creativity that’s littered with practical 
advice, and is a cracking read to boot. 


ADAM KUCHARSKI has a doctorate degree 
in applied mathematics from Cambridge 



The Utopia Experiment 


Dylan Evans 

Picador ©£11.99 


PAUL PARSONS is a science writer 
\/ and a statistical analyst at Botsphere 


THIS IS A fun read - as well as a scary 
one. The Utopia Experiment describes 
one man’s response to the threat of 
imminent climate change. Dylan Evans, a 
psychologist turned robotics researcher, 
saw serious trouble ahead and set out 
to study how people might survive in a 
post-apocalyptic world. He bought land in 
Scotland, invited volunteers to join him, and 
set about trying to live without the support 
of modern civilisation. He and his band of 
yurt-living, apocalypse-ready campers 
attempted to apply their skills and science 
to building shelters (badly), growing 
food (ineptly) and keeping warm (or not). 


GILES SPARROW is a science writer and 
\/ authcr. His iatest beck is Mars 


Was this a serious experiment, or just a 
personal - and disastrous - indulgence 
in post-apocalyptic living? Was Evans 
secretly longing for the end of life as we 
know it? Was he lured by the heroic idea of 
surviving against the odds, by being among 
the few to cope with climate chaos? Was 
he drawn by an imagined escape from the 
troubles and stresses of modern life? Draw 
your own conclusion as the experiment 
unfolds and madness overtakes him. 


SUSAN BLACKMORE is a psychclegist and a 
visiting prefesser at Piymcuth University 
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□□B FOCUS 


A collection of the very best of 
□BB FOCUS magazine’s How Do 
We Know? senes on the history 
of science. Including: 


The Big Bang. 

The age of the Earth 
The structure of DNA 
The composition of the atom 
The speed of light 
The death of the dinosaurs... 
.and many more 


STORES 

SCI^CE 


PLUS 


Order your copy today! 


Find out how fossils helped to shape our Discover the techniques that scientists Be amazed by fascinating images that 

understanding of the fate of dinosaurs used to calculate the speed of light reveal more about our Universe 




Or call our order 
hotline 0844 844 0257 * 


"^Calls to this number from a BT landline will cost no more than 5p per minute. Calls from mobiles and other providers may vary. 

Lines are open 8am-8pm weekdays & 9am-1pm Saturday. 

*Subscribers to BBC Focus receive FREE UK POSTAGE on this special edition. Prices including postage are: £9.49 for all other UK residents, 
£10.99 for Europe and £11.49 for Rest of World. All orders subject to availability. Please allow up to 21 days for delivery. 






ADVERTISEMENT FEATURE 


THE 


EDUCATION 
GUIDE 


Want to broaden your horizons? Here’s a round-up of some of the postgraduate and short 
courses available in science subjects 


UNIVERSITY OF CAMBRIDGE 


Study for one to four weeks at the 
Science Summer School 
(5 July - 1 August 2015). 

Courses include astronomy, animal 
behaviour, cryptography, data science, 
forensic archaeology, genetics, 
geoengineering and psychology. You 
can choose related courses or take 
an interdisciplinary approach. All are 
taught by leading Cambridge scholars 
and guest subject specialists, and are 
supplemented by a series of themed 
lectures, evening talks, practicals and 
visits to institutes and laboratories. 



This is one of eight specialist and interdisciplinary 
programmes which attract adults from over 60 countries. 
You can stay in a historic Cambridge College and enjoy 
weekend excursions and all that Cambridge has to offer. 


PLANET EARTH EDUCATION 


A popular and long standing provider 
of astronomy distance learning courses. 

All courses enjoy an excellent 
reputation and a certificate is awarded 
for each completed course. Students 
have easily accessible, one-to-one 
contact with their tutors. 



Five astronomy courses available: 

• GCSE Astronomy - for a certificate 

• PEC Nature of the Planets - fun 
learning about the Solar System 

• PEC Nature of the Stars - learning for fun about the night sky 

• PEC Astronomy - to GCSE standard but without the exam 

• PEC Advanced Astronomy - for the more dedicated student 


Also available: The Mobile Stars Planetarium - an exciting 
educational experience for children in schools and for 
scouting groups. 


TEL 01223 760850 

EMAIL intenq(a)ice.cam. ac.uk PS UNIVERSITY OF 

WEB www.ice.cam.ac.uk/intsummer PS CAMBRIDGE 


TEL 0161 653 9092 

EMAIL support(a)planeteartheducation. co.uk 
WEB www.planeteartheclucation.co.uk 


LIVERPOOL JOHN MOORES UNIVERSITY 


New from September 2015, two new 
Distance Learning Masters level courses; 

MSc Astrophysics 
MSc Observational Astrophysics 

• Aimed at students with a relevant 
science or mathematics degree, who 
are interested in a future career in 
astrophysics research 

• Courses delivered completely by 
Distance Learning 

• Includes a high-level research project 

• Students have access to the 2-metre 
robotic Liverpool Telescope 

• Qualification designed to facilitate continued study at PhD 
level 

• Tutored by a team of internationally-renowned astrophysics 
researchers. 

Both courses can be studied full or part time and consist of 180 credits. 

TEL 0151 231 2900 
EMAIL www.astronomy.ac.uk 




QUEEN MARY UNIVERSITY OF LONDON 


The postgraduate MSc Astrophysics 
(1 year full-time or 2 years part- 
time) and postgraduate Certificate 
in Astronomy and Astrophysics at 
Queen Mary University of London, 
provide a unique opportunity for 
graduates to pursue the subject in 
depth, either for personal interest, 
or as a step towards a professional 
career in astronomy. The programme 
is unique in the scope of material 
covered, giving students an up-to- 
date account of recent developments 
in research. Lectures cover topics 
such as the origins of structure in the 
Universe, dark matter, the life and death of stars, extrasolar 
planets and space and solar plasma physics. In addition, 
students complete a substantial project, chosen from a range 
of theoretical or observational areas of astrophysics. For 
further details and applications go to: 

TEL 020 7882 6958 
EMAIL astro-pg(a)qmul. ac.uk 

WEB www.astro.qmul.ac.uk/teaching/msc-astrophysics 













For advertising enquiries please contact: Carl.Kill@imnnediate.co.uk Tel 0117 933 8058 


TECHNOLOGY 



CELESTRON 


TECHNOLOGICALLYSUPERIOR 


Digital Microscopes 


Micro Fi letraView 


stream. Capture. Share. 

Micro Fi is a Wi-Fi enabled handheld 
digital microscope that enables you 
to view the microscopic world right 
on your smartphone 
or tabletl 


Celestron Microscopes 
are available from 


D App Store 


The professional-level Celestron TetraView LCD 

is a touchscreen digital microscope with advanced 
features at a reasonable price. TetraView features four 
fully achromatic lens objectives, a fully mechanical 
stage, a 4.3" TFT full colour touch screen, 5 MP CMOS 
sensor, and a 2 GB SD card for storing your photos 
and videos. Taking high-resolution images and video 
of specimen slides has never 
been easier. 


01502 725205 

and specialist dealers nationwide 


^ Handheld 

^ ProSMP 

Digital Microscope 

Easy to use, low-power 
microscope with 
a large 5.0 MP 
sensor and stand. 


Celestron is distributed in the UK and Ireland by David Hinds Ltd. Dealer enquiries welcomed. 

David Hinds Ltd. Unit R, Cherrycourt Way, Leighton Buzzard, Bedfordshire LU7 4UH 

Celestron® and TetraView™ are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in 
dozens of other countries around the world. All rights reserved. Samsung is a registered trademark of Samsung Electronics Co., Ltd. 
AppStore is a registered trademark of Apple Inc. Google Play is a registered trademark of Google Inc. 


See more uiith Celestron 

ujujuj.celesCron.uk.com 



EDUCATION 


Astronomy by 

Distance Learning 

♦ 

Come and chat to us 


Supernovae Apr 2015 £195 

High Energy Astrophysics Jun 2015 £195 

www.astronomy.ac.uk 

astro-distance@ljmu.ac.uk 0151 231 2900 

PUBLISHERS 


UVERPOOL 
JOHN MOORES 

) UNIVERSrrY 



LOOKING TO BE PUBLISHED? 



Submissions and samples 

WELCOMED. ALL WORK 
CONSIDERED, NO AGENT 
REQUIRED. 


AUSTIN Macau LEY 

PUBLISHERS LTD. 


CGC-33-01, 25 Canada Square 
Canary Wharf, London, E14 5LQ 
Tel: 0207 038 8212 
www.austinmacauley.com 
ma il@austinmacauley.com 


ASTRONOMY 


Harrison telescopes ud g, 

www.harrisontelescopes.co.uk 


CALL 0208 979 6809 SIX DAYS 


TELESCOPES FROM UNDER £100 
GOTO TELESCOPES FROM £199.99 
WiFi TELESCOPES FROM £375 
ASTRO BINOCULARS FROM £49.99 


(^CELESTRON 


Sky-WaiSher* 

0e 


^ IVIEADI 


GjforliQhf 


.-l^cicicter 

planoiorHjm 



The latest Androii' • 

and iOS controlled^/ 

Telescoped , ^ 

in stock now* • ^ 

CELESTRON NEXSTAR ^)^UT^N 


HIGH QUALITY BAADER SOLAR VIEWING GLASSES JUST £2.50 EACH 


Our website is updated daily with the latest products & offers 
www.harrisontelescopes.co.uk - Safe Secure Online Shopping 24/7 















PHYSICS 


12 DIGITAL ISSUES 
OF PHYSICS WORLD 
JUST £15 


physics 



Howto join 

Just visit our safe and secure site to join online today. 

www.iop.org/iopimember 




Ilf ' 


pstronoroy 

^v erv fbr^yery' day! I 


lOP Institute of Physics 


ASTRONOMY 


EDUCATION 


COyyVRUTIIME & 

Tccbnolo^'j Worfc.chopc 


I 


TELESCOPES, BINOCULARS, SPOHING SCOPES, 
MICROSCOPES & A WIDE RANGE OF CCD & DSLR 
CAMERAS & ASTRO PHOTO ACCESSORIES FOR 
SCIENTISTS & ENTHUSIASTS 


From world leading brands: Baader, 
Celestron, Minox, Skywatcher, 

TS Optics, Vixen & many more 


Call 020 33 845 1 87 between 9am - 9pm 7 days a week, 

www.365astrononny.com 


inventor Schooi Quadcopter Design 


Robotics & inventions Game & Web Design 


For further info go to: www.techcamp.org.uk 
or phone: 075 1219 1019 


Inventor School Term-time & Easter Events 
Distance Learning, London Weekend & Easter Options 

Tech Camp London July/August 2015: Ages 9-17 
1-Week Day Camps, Central London Venue 

Tech Camp UK August 2015: Ages 9-17 
1-Week Residential or Day Camps, Hampshire Campus 



>^CLASSIFIEDS 
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PROOF READING 




What our students say: 

A “So far, I have had eighteen novels 
published! The Writers Bureau 
j helped make this possible for me. 

_ _ / Within six months of enrolling on my 

course I was having work commissioned 
by editors and I still work regularly for magazines.” 
AWARD WINNING WRITER 
Christina Jones, Oxfordshire 

“I thought you’d like to know that 
seven years since doing my course at 
y WB I’ve been published in more 
than 1 50 magazines around the 
world. I’ve now got to the stage where 
I’m turning down all-inclusive exotic press trips!” 
Cindy-Lou Dale, Kent 

“Completing The Writers Bureau 
course has made it possible for me to 
j attain my life-long ambition of 

becoming a published writer. The level 
of success I have achieved has far 
outweighed what I was hoping for when 
beginning the course. By the end of this year I should 
have eight books already published and hopefully 
two more finished.” 

Michael Foley, Essex 

“The amount of hours I have been able 
to work have been limited but I have 
F j earned approx £3,500 from my 
y writing this year. I now regularly sell 
articles and am working on a book 
proposal.” 

Jane Redfern-Jones. 

“I’ve had 30 pieces of work accepted 
by various publications since I started 
my Writers Bureau course - a mere 
1 8 months ago. 

“I contemplate that fact and I am amazed 
to have come so far in such a short time, especially 
when I consider the severe restrictions on the time 
I have available for writing. I usually manage about 
three hours per week, if I’m lucky.” 

Chris Green, Lincolnshire 



Being a writer can offer you a second income, extra spending money or even be a full- 
time career. It’s your choice. But whatever your writing ambitions we have a course that 
will help you to achieve them. 

That’s because our first-class home-study creative writing course contains all you need to 
know to become a successful, published writer. You learn how to write articles, short stories, 
novels, TV, radio, drama and more. You are shown how to develop your writing style, present 
your manuscripts, contact editors, find markets and HOW TO SELL YOUR WORK. 

What’s more, you do not need any previous writing experience to succeed on the course as 
it’s suitable for the absolute beginner. 

Throughout the course you will be tutored by a professional writer, who will offer constructive 
feedback on your twenty marked assignments. In addition, you can count on the support of 
our dedicated Student Services team who will do all they can to ensure that you get the most 
out of your studies. 

When you enrol, your full course is sent to you on a fifteen day trial. Your studies are then 
flexible to your requirements as you have four years to complete your course. JVIoreover, we 
offer you a full refund guarantee. If you do not earn back the equivalent of your fees by the 
time you finish your course we will refund them in full. 

So, if you would like to learn to earn from writing, try our risk-free course. For a free 
prospectus visit our website or call our freephone number today! 

www.writersbureau.com 


FREE CALL 

24 “S* HRS 


0800 856 2008 


Quote ref: 
JL5315 


Please send me FREE details of how to become a published writer: 
Name: 


Address: 


, Postcode: 


Email: 


Freepost RSSK-JZAC-JCJG 

The Writers Bureau 

Dept JL5315, Manchester, M3 ILE 

iuL 


^Writers 

^Bureau 




Years 

Success 


D 


Members of BILD and ABCC 


X 


www.facebook.com/writersbureau 

www.twitter.com/writersbureau 


email: 15Wl@writersbureau.com 
Please include your name and address 


Enrol online to access your course modules TODAY at: www.writersbureau.com 











Save 50% 

on the perfect Mother’s Day gift! 


h 


Special Gift 

I Order now and receive a box of devilishiv 
I different White Chocolate and Raspberry 

artisan team. if 


Treat yourself or your mum to a gift that lasts all year 
this Mother’s Day - and receive a delicious box of fudge! 

Visit buysubscriptions.com/mothersday to see our full range of gifts. 


20i\S 





THREE EASY WAYS TO SUBSCRIBE: 



Call the hotline now on 

08448440390 

and quote MD15SP 



Order online 


buysubscriptions.com/mothers(lay 


and quote MD15SP 



Connplete order fornn below and send to: 

Immediate Media Co. Ltd, FREEPOST 
RSTB-HAAA-EHHG, Sittingbourne, Kent, NE9 8PX . 


Magazine Choice Price: £ 

Your details (essential) 
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Postcode 

Home Tel Number 
Mobile Tel Number 
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Gift recipient (if different) 
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Payment Details MD15SP 

□ I enclose a cheque made payable to Immediate Media Co Ltd for £ 

□ Please debit the following amount from my credit/debit card: £ Mastercard □ Visa □ 


Card Number 
Valid from 


Expiry date 


Issue Number 


Signature Date 


Offer Ends 15th March 2015. Giff will be delivered to the person paying for the subscription. Order before 6th March to guarantee your gift arrives before Mother’s Day. Prices shown are for UK delivery 
addresses oniy. For overseas rates visit www.buvsubscriptions.com/mothersday or call +44 (0)1795 414 746. All savings are calculated as a percentage of the full shop price, excluding Radio Times 
which is calculated as a percentage of the Basic Annual Rate. All Mother’s Day subscriptions will start with the first issue available after 15th March 2015. Should the magazine ordered change in 
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Scientists created a computer 
program that they say is a perfect 
player of which game? 

a) Blackjack 

b) Poker 

c) Gin rummy 


2 


Complete the recent headline: 
‘Regular are key to learning’ 


a) Snacks 

b) Naps 

c) Jogs 


3 


January marked 10 years since an ESA 
probe landed on Saturn’s moon, Titan. 
What was the probe’s name? 


a) Huygens 

b) Herschel 

c) Hawking 


4 


Which came top of SplashData’s list 
of 2014’s most popular passwords? 


a) password 

b) 123456 

c) qwerty 


D This weird marine creature has 
been captured in waters off 
southeast Australia. What is it? 


a) Ranged shark 

b) Finned shark 

c) Frilled shark 



y Complete the recent headline: 

—I ‘Computers judge better than 

friends’ 


a) Personality 

b) intelligence 

c) Fitness 


8 


Astronauts were recently 
evacuated from a US segment of the 
International Space Station after a 
suspected leak of what substance? 


a) Carbon monoxide 

b) Methane 

c) Ammonia 



To celebrate its 25th birthday, Hubble 
has revisited the iconic ‘Pillars of 
Creation’. Where are they found? 


a) Crab Nebula 

b) Horsehead Nebula 

c) Eagle Nebula 


9 


Tracking devices have revealed 
the world’s highest bird migration. 
Which bird makes the journey, 
reaching heights exceeding 7,000m? 


a) Pied wheatears 

b) Arctic terns 

c) Bar-headed geese 



Researchers in the US have built a 
microwave laser (‘maser’) that’s the 
same size as what? 

a) A grain of rice 

b) A golf ball 

c) A dust mite 


What kind of animal is Tilda, 
recently filmed mimicking human 
speech in a bid to communicate 
with her keepers? 

a) Dolphin 

b) Orangutan 

c) Raven 


^2 Researchers at the University of 
Surrey have found that doing what 
can help you to recall memories? 

a) Clenching your fists 

b) Holding your breath 

c) Closing your eyes 


IQ Which British soprano recently 
began training for a trip to the 
International Space Station? 

a) Lesley Garrett 

b) Sarah Brightman 

c) Charlotte Church 


In January, the missing Beagle 2 
was finally found on the surface of 
Mars. When did it initially land on 
the Red Planet? 

a) December 1998 

b) December 2003 

c) December 2008 



More puzzles online 


I Try solving puzzles frdm' ' 
the BBC^uiz'On/y Connect 
1 .hosted by Victoria Coren 
Mitchell at httpiZ/bbCiin/^ 


TWO 
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QUIZ ANSWERS 


HOW DID YOU SCORE? 


BQL ‘qpL ‘qSL 'OZL ‘qu ‘^OL ‘^6 ‘OQ 'BZ '09 ‘og ‘qp ‘e£ ‘qz ‘qL 



HORSE 


11-15 


ZEBRA 


FOCUS CROSSWORD No ]?5 



SOLUTION TO CROSSWORD No 172 


Trudi Needham, Michael Moran, Charles 
Caldwell, A McMinn and Frank Bryant each 
solved issue 276’s puzzle and receive The 
David Attenborough Colleotion {Sky, £50). 


WIN! THROUGH THE 
WORMHOLE WITH 
MORGAN FREEMAN 




The first five correct solutions 
drawn will each win a copy of 
Through The Wormhole With 
Morgan Freeman (Discovery, 
£39.99). Entries must be 
received 
by 5pm 
on 2 April 
2015. See 
below 
for more 
details. 




ACROSS 


9 Calcium oxide isn’t slow to reach 
fruit (9) 

10 Labyrinth that’s within hearing (5,3) 

12 The pain of bachelordom (4) 

13 Freezing an ocean (6) 

14 It’s very important that it’s extinct (7) 

15 Tense, seen running in a state (9) 

17 Sell off what’s left (9) 

18 Fleadless insects had vitamin D 
deficiency (7) 

20 Part of the mouth that generates 
taste (6) 

21 Spots cane construction (4) 

24 Served report that was biased (8) 

26 All pearl layouts are like the sides of 
a square (8) 

28 Entrusted with oxidation (4) 

29 Shudder in great remorse (6) 

31 Fight club to get carving material (7) 

34 Tree has until a change is made (9) 

36 My tribute formed an element (9) 

38 Way of restarting play worth using 
at home (5-2) 

39 Group of alcoholics has arms sent 
into capital (6) 

40 Cniy on the German river (4) 

41 Former Chancellor to bar recipe 
with one cabbage (8) 

42 Instrument to fix one’s glass (4,5) 


YOUR DETAILS 


DOWN 


1 Illegal tenant is more dumpy (8) 

2 Crganism made meandering line 
around church (6) 

3 Diseased? If so, ribs show abnormal 
formation (8) 

4 Cne insect let off another (6) 

5 Woman clears out - it’s intuitive (8) 

6 Mean to move terribly remote gauge (10) 

7 Force Merlin to turn into a 
troublemaker (7) 

8 Georgia performed with old fish (6) 

11 Fiire a treaty (7) 

16 Variable, pursuing green form of 
power (6) 

19 Plant credit note on ship (5) 

20 Case of pressure getting too much (3) 

22 Firm about communist beliefs (5) 

23 Gold cord starts to provide muscle (6) 

25 Ran her tiny form into the sea (10) 

26 Same level within department (3) 

27 Money gives the missing ending 
dimension (7) 

30 Drug claims to work with another, 
to a point (8) 

31 Supporter of nanny goat? (8) 

32 Town that pours mud over chips (8) 

33 Smart alec finds king lacking 
defence (4-3) 

35 Cook lord an alternative form of 
bacon (6) 

36 Foreign enemy managed to reach 
island (6) 

37 Cne mind altered with uranium 
or another metal (6) 
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Post entries to BBC Focus Magazine, April 2015 Crossword, PC Box 
501, Leloester, LE94 OAA or email a soan of the oompleted orossword 
or a list of answers to aprll2015(5)focuscomps.co.uk by 5pm on 2 April 
2015. Entrants must supply name, address and phone number. Immediate 
Media, publisher of BBC Focus Magazine, may oontaot you with details of 
our products and services or to undertake research. Please write ‘Do Not 
Contact’ on your email or postal entry If you do not want to receive such 
Information by post or phone. Please write your email address on your 
postal entry If you would like to receive such Information by email. 


TERMS & CONDITIONS 


Entrants must be UK residents (inc Channel Islands) aged 18 or over. 

Immediate Media employees are not eligible to enter. By entering participants 
agree to be bound by these terms and conditions and that their name and 
county may be released if they win. Only one entry permitted per person. No 
responsibility is accepted for lost, delayed, ineligible or fraudulent entries. 
Entries received after the closing date will not be considered. Immediate Media 
(publisher of BBC Focus Magazine) will only ever use personal details for 
the purposes of administering this competition unless you permit otherwise. 


Read more about the Immediate Privacy Policy at www.immediatemedia.co.uk/ 
privacy-policy. The winning entrants will be the first correct entries drawn 
at random after the closing time. The prize and number of winners will be as 
shown above. The winners will be notified within 30 days of the closing date by 
post. Immediate Media’s decision is final and no further correspondence relating 
to the competition will be entered into. If the winner cannot be contacted within 
one month of the closing date. Immediate Media reserves the right to offer the 
prize to a runner-up. 
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Conscious robots in 

Chappie 

HOLLYWOOD LOVES A sentient robot. 
R2-D2, Johnny Five, WALL-E and Optimus 
Prime are often more animated than the 
oharaoters they play alongside. This month 
meet new 'bot on the blook, Ohappie, in 
Neill Blomkamp’s sei-fi oomedy of the same 
name. Ohappie, who looks like the Iron 
Giant with bunny ears, oan think and feel 
for himself. But how olose are we to 
making a oonsoious oomputer? 

“No one has made a oonsoious robot 
yet,” says oomputer soientist Prof Peter 
MoOwan from Queen Mary, University of 
London. “But with enough understanding of 
human oonsoiousness, hard work and 
investment, it oould possibly be done.” 

The first hurdle is to define 
oonsoiousness. This has been flummoxing 
us for oenturies. The truth is, it’s far easier 
to define unoonsoiousness than its more 
elusive antonym. Oonsoiousness is 
embedded in a eomplex matrix of neural 
oirouits, but we don’t know how this 


‘‘What’s the point of 
having a hammer that 
worries about its 
hammer-y-ness?” 


translates into thought or self-awareness. With a definition in the bag, the 
next step would be to somehow model oonsoiousness and then design 
the oirouitry needed to generate it. Oonsoiousness would then need to be 
measured, whioh is diffioult to do. “There are a few projeots going on in 
the world with varying degrees of suooess,” MoOwan says. Some believe 
that generating human-like oonsoiousness will depend on having a human- 
like body, so a long-legged Chappie may prove more self-aware than 
2001: A Space Odysseys disembodied HAL 9000. 

It’ll also be important to build in sooial intelligenoe. MoOwan has helped 
design a robot that oan reoognise and respond to emotion. The robot, 
iCat, is a ohess-playing moggy that gauges the gaze, faoial expression and 
body posture of an opponent. It responds by making appropriate 
expressions and remarks baok. An empathio eat - there’s a first. Kids 


build up a real sooial relationship with the kitty and MoOwan’s hope is that 
responsive oomputers of this kind may find a plaoe in eduoation - as long 
as they don’t start bringing deeapitated robot birds into the olassroom. 

But why would we want to build a oonsoious robot? Some argue that 
building one would shed light on the nature of human oonsoiousness, but 
I think that Hollywood is more interested in the idea than anyone else. It’s 
worth thinking just how praetioal suoh a maehine would be. “What’s the 
point of having a hammer that worries about its hammer-y-ness?” says 
MoOwan. It’s a good point. 

Remember Marvin the 
Paranoid Android? Who’d wish 
existential angst on their DIY 
tools? Not me. ■ 



HELEN PILCHER is a science 
writer and comedian. 

She tweets from 
@Helenpiicher1 
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